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PREFACE 


The present >voltype deals with some of the most important 
products of, th<2 Chemical Industry. Th£ element’ Chlorine has 
, steadily increased, decade by {lecade, in .commercial importance 
until the present time. The world’s annual production of this 
jslegievit cannot be much less than 1 50,000 tons — enormous 
armtftrflts ‘being used in riie manufacture of bleaching powder, 
lypochlorites, chlorates, perchlorates, and certain complex carbon 
compound's frqm which synthetic dyes are derived. ^ 

The magnitude of the bleaching industry and, its close 
connection with the textile and dyeing trades are too well 
known to need further comment here. 

It is well, however, to refer to a change which is gradually 
coming ovpr this branch of industry. Whereas formerly 
practically all bleaclvng was performed by means of chlo^ne 
absorbed in lime — th <5 well-known bleaching powder — at the 
present time a considerable and growing quantity of bleaching 
liquids are produced on the place of use by electrolysing brine. 
Special attention has been devoted to this recent derelopfrient, 
as well as to the subject of electrolytic chlorine and alkali. The 
comparative neglect of electrolytic methods, in Great Britain, and 
.their highly developed condition in the Uniteck States* and in 
Germany (where no less than 66 j per cent, of the bleaching 
vv pQjvder made is produced from electrolytic chlorine), are matters 
of serious consideration at the present time; indeed, further 
Iieglect may lead to the^, undermining of British , Alkali 
Industry. In the presenf book the most recent, available informa- 
tion is given »6f electrolytic methods for manufacturing .chlorates 
arfd perchlorates — subst*fhc£s especially valuably on ^account of 
fcheii; oxidising and explosive properties. 
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vi - 

, Bleaching jxfwder has * been Mplt jvith at considerable length'. 
This* substance has acquired especial importance on#account # of 
its valuable • disinfecting properties.* Indeed*; the Jarge scale 
employment of bleachfng j 3 bwde*/in* jjiodern # warj^r» has'been 
largely responsible *for the greafly lowered mortality* due to* 
disease. 

The employment of chlorine gas in*warfare — first practised 
by the Germans in 1915 — ha« turned the attention o£ tfle whole 
world to liquid Chlorine, and hence no apology is Reeded for the 
detailed account which* is given of the t methods employed for 
liquefying and storing* this substance. Indeed the employment* 
of poisonous gases by the Germans has brought Home at l^st 
to the general public that this is essentially a chemical^ war, *aht> 
that chemistry is destined to play a great part in the future in 
deciding the rise and fall of nations. Our grave jieglect *f 
chemical science in the past has undoubtedly c<*st the country 
many thousands of valuable lives and hundreds of millions of 
pounds. 

The final chapter, written by Mr G. W. Clough, gives a 
concise account of some modern oxidising agents which hgve 
become important within recent years. The article deals with 
peroxides, persulphates, percarbonates, and similar substances ; 
and it is hoped will afford valuable information which otherwise 
would have td be obtained from scattered and often inaccessil>le 
periodical literature. 
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CHAPTER I 

The Manufacture of Chlorine by the Weldon 
and Deacon Processes 




•CHAPTER I* 

the-manu’facture of chlo- 
rine -by THE* WELDON AND 
DEACON PROCESSES 


LITERATURE 

* 

Jt'or n full account of the subject, including literature, set- (;. Ja'Nc.e, “Sulphunc Acid and 
Alk^jk Industry.” 1915. • 

Geoffrey Martin and K. Dancaster give a full account of the pinpcrtit's uf gaseu > and 
liquid chlorine in Yol. VIII. of “Modi in Inorganic Cheinistn.” Kdited hy Newton 
Frifnd. 1014. 

See also IIoiClNO, ‘Tortschrittt in iler Kahrikation der Anoiganischen Sauien, der Alkali<*i, 
des Annnoniaks und Verwandter Industnc/weige,” Berlin, 1005. 

See also the references mulct “ Deacon Process,” p- 7 ; under Electrolytic Chlorine and 
Alkali,” p. 1 j ; and under “ Liquid Chlorine,” p. 29. 

Until recently almost all the chlorine produced was made from hydrochloric acid, 
either by the Weldon or by the Deacon process, the hydrochloric acid fey the 
purpose being obtained by treating salt with sulphuric acid (salt cake process). 
Within •the last few years, however, more than half the world’s supply of chloride 
has been obtained by electrolysis of brine solitions, which latter method yitjjds, 
according to slight alterations in the conditions of electrolysis, chlorine, chlorates, 
bleaching solutions, also caustic s^xla and sodium carbonate. An account of each 
of these methods will be give® in due course. 

The main use of chlorine is for the bleaching of paper and cfitton. The oldest 
bleaching fluid p*t on the market was “Euu de JaveL’ (Paris, 1786), a solution 
of potassium hypochlorite. Later, this was displaced by the chiller an more 
convenient solid “bleaching powder” (Tennant, 1799, in (llasgow), which at the 
present time is manufactured on a # very large scale, and is sold under the trade 
names of “chloride of «Jime ” and of “ bleaching powder.” More recently, after a 
century-long monopoly, a serious rival to bleadyng powder has arisen in the 
electrolytically produced bleaching fluids (“electrolytic bleaching”), ^hich are 
produced by electrolysis of brine mi the place of use, because the liquids soon 
decompose on standing. • 

The main use of chlorine is, therefore, the production of these bleaching 
materials. Howevt*, large quantities of chlorine artfnow employed for chlorkiating 
various organic products in the intermediate stages of synthetic dye production, the 
chlorine for the purpose being put on the market in a liquid foftn in steel cylinders. 

The manufacture of chlorates of sodium anc^ potassium has attained corfciderable 
importance, these products bemg u^ed for tfce production^of Explosives and f<fr 
oxidising purposes# 

Statistics.— According to Bfcrnt^scn 41909) the .world’s producing of bleaching powder is 
estimate* at 300,000 metric tons yearly, Germany producing in 1905' soipe 85,000 tons, 50,000 of 
which were made from electrolytic chlorine. Europe at present gEduoes some 9,000 tons of 
chlorates, ^ ® 



CHLORINE 4ND CH LORI Ng PRODUCTS 


The following figures relating to Gerfnan chetfiical industry are intesesting as showing tfci great . 
variations in prictf and Quantities of the products, ftactucations traceable to<he rise of electrolytic 
bleach iifg processes': — • •* « 

Bleaching Powder r , r. 

f r 189^ c . . /905. c ; 19P9. r 

^^ver import >rt } 2 ’3°° #tons I5<*marks. f 30,300 tbns kt 90 marks. 26, 100 ton$ at 90 marks. 
f The German itof*>rt of potassium cfllorate is given the'Tollowing figul’es t 
1895.C r , 1905- • r _ 19^9- 

Excess o£ import 1 * t at g 2Q niar ^ s> 1 ,020 tdns at 530 marks. 100 tons at 620 marks. 

over export. ) 9 t * .• , 

** The manufacture of chlorates is most advantageously carried out in countries provided with 
cheap water power, and the industry is rapidly developing on such sites. 

The Weldon JPcocess. — The process rests on the oxjdation oKnydrochloric 
acid by means of rr^inganese dioxide. The exact nature of the reaction is disputed, 1 
but is usually represented by the equations— 


MnCU+ 4HCI = MnCl 4 4 -211., O. 

Mangam.se Hydrochloric Manganese 
dioxide. acid. tetrachloride. 


MnCl 4 = MnCL p CL. 

Manganese Manganese Chlorine 
tetfachloride. dichloride. gas. 


The manganese dioxide (pyrolusite, black oxide of manganese), Mn 0 2 , is largely 
mined in Spain and in the Caucasus mountains. It is impure, usually containing 
iron. Its value, technically, is judged by the amount of “available : oxygen” it 
contains. 


The available* ixygen is estimated as follows : — 

Manganese dioxide is dissolved in sulphuric acid in the presence of a known excess of ferrous 
sulphafci. The amount of ferrous iron oxidised to the ferric state is then determined by volumetric 
titration in the ordinary wa>. 

Another process is to heat the manganese dioxide with hydrochloric acid. Chlorine is evolved 
equivalent in value to the “ available *' oxygen. This chloiine is received in a solution of potassium 
iodide, and the iodine set free is then estimated by titration with sodium thiosulphate. . For 
dentils of these processes hooks on chemical analysis should be consulted. # 

Ey a special process to be described the used manganese dioxide is recovered 
and used again, $0 that in practice the only natural manganese dioxide required is 
that needed to cover the unavoidable working ksses, which usually amount to 3 
per cent, on every t too parts of bleaching powdefr made. 0 

The working details of the process are as follows (see Fig. 1) : — 
a is the chlqrine still. It consists of a still made out of some 6 or 8 granite or 
sandstone slabs fastened together. The still is usually 9 or 10 ft. high and about 
6 or 7 ft. in diameter. At the top is an earthenware inlet pipe, and at the bottom 
is a pipe for running off the manganese chloride liquors. A steam inlet pipe, 
encased in earthenware or sandstone, passes nearly to the bottom of the still, and 
allows its contents to bfc heated by live steam. 

The odculated Amount of hydrochloric acid 2 having been run into the still, the 
calculated amount of manganese dioxide in the form of recovered Weldon mud is 
allowed to gradually flow in, and chlorine gas is developed in a regular stream. 
When the action slackens the^ contents of the still are heated by live steam until 
the liquid boils, when the reaction MnCX, + 4HCI — &inCl 2 + Cl 2 -f 2H 2 0 is completed. 
The hydrochloric ac^d will be almost ‘completely used up if it is of the right strength, 
viz., i8°-2o° Be. * 

• *If, instead of Weldfcm mud (recovered manganese dioxide), natural manganese dioxide is to be 
used, the pyrolusite, broken into coarse pieces, is placed ih a different still from that used for 
Weldon mud, Joeing placed on sanclstone or earthenware grids, and steam is thee blown in. 


1 See discussion, Gedffre# Martin and Danca&ttr's “The Halogens.” c 

*. One cannot partially seplace the IICl by II 4 S0 4U otherwise the Weldon recovery process 
becomes impossible. 1 
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. As%rule, in big' works several stills are* in at once, the chlorini being fed*into a common 

conducting pipe. In ojrder to cut out a%y giveij chlorine still the following device is resorted tq : 

Sftch still hgs an exit tjibe B^Fig. 2), which communicates witlgthe main chlSrin^ Jonducting pipe A 
by means of aw ti^e shaped as in the figure, the tubes being joined up chlorine-tight through*a water 
se«l at <r. When it is decided to cut off the chlorine generator mnected with b, all that is 
necessary if to pour wat^r down e %o as to £11 up the U tube with water. * t 

Wljpn communication between B an<J A%is ’to beJeopenec>, the water jn the U tub*«is run off 
by withdrawing the^stopoer /. # • 

Some Sfiall factories (such as bleatmersl generate theft o\frn chlorine in earthenware generator*, 
such as that illustrated in Fig. 3. More usually, however, these ^mall uscrsnl my chlorine in the 
liquid state (at Jess tlufti 6d. per pound) in steel cylindeis^ see ft 29" * 



When the action is completed the acid manganese chloy*de liquors are run from 
the still a (Fig. 1) into the cemented tank u, which is pitivit^d with a mechanical 
stirring apparatus and a pump d! Here the liquid is neutralised Svith lime, 
Ca(OH)g, whereby iron hydroxide, Fe(OH) 8 pand other impurities are precipitated. 
The liquid is next raise^ by means of the pump c into the iron settling tank i>. From 
here the clear mqpganese chtoride liquors are ru« into the oxidation towers e,e. 
These are tall iron cylinders, some 30-40 ft. # high and 6-7 ft. in diameter.* Steam 
is blown in so as to raise the temperature* of the confined manganese chloride 
liquors to 55 0 C., and then the Calculated amount of milk of lime is sun in from 
the tank f. 

The lime is slafctd in the mixer «, thence the fluid mass is run into n and -pumped up through 
the pump j into the lime tank I* ' 

Meanwhile conPpressed air is blowrt into the towers %k, issuing from perforated 
pipes placed near the bottom tht # towers. k is the«duplex blower, 1. the air 
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reservoir, and mm tt^T air conducing pipe. The air is b]own through the*>yarm. 
liquid for some fou» to five hours before the axifiation'of the 'manganese present 
to maffganese dfoxide is complete. • . '* • ^ 9 

« « • f • • 

The chemical mechanism of the action is not completely understood evefl after years of research. 
It seem*^hat first of all the lime* Ca(OIft*, first precipitates manganodb hydroxide, # Mn(OH) a , 
thus : — * ** * * * * 

• t « MnCl^+ Ca(©Il% = Mn(OIi).. + feaCL + H/t* 

The Mr^OH).,, a w^iite substance, sf ill take up oxygen spontaneously from *the air r until it reaches 
the grad* of oxidation Mn 2 0 { ; however, if excess of*lime ur.NaOH is present, the oxidation will 
^proceed further than this, iind the manganese* oxide will lie oxidised almost completely to the MnO a 
state, forming a black body of composition varying between Cti().Mn 0 2 and CaO.^MnO a , so that 
the regenerated “Weldon mud” contains chemically united liyie (CaO). It is remarkable that,^ 
apparently, a trace of CaCL solution appears to be necessary before the complete oxidation will take* 
place. * • f «, * r 

The action is carried out in such a manner that a “mud” containing as little CaO as possible is # 
aimed at. The active component in, the mud is, of course, the amount of MmDo present, each 
molecule of MnO» present corresponding to the evolution of 2 abfais of Cl. * 

The progress of the oxidation is followed by withdrawing samples of liquor at frequent int&vals 
and titrating the blackening mud with fenous sulphate solution am? potassium permanganate. 



Towards the end of the action the excess of lime is as fai as possible got rid by lunning m more 
manganese chloride solution so long as a precipitate of Mn(Oll)., is caused by the fiee lime still 
remaining. * 


When the process of oxidation is known to be complete the Weldon mud is run 
out of the basoi of the* lowers k,k (by means of the stopcock; n,n) into the settling 
tank o. The mud settles to the bottom of this tank, whence it is run into the 
chlorine sfjll a onc«- more, and so used agaii^ The aqueous liquors, principally 
containing calcium chloride (see equation above), is drawn off from the tank o, 
and either run to waste or worked up^n some other manner. 

» 

No less than 70 per cent, of the total chlorine of the hydrochloric aiji.d remains as a waste 
product In this calcium chloride, a lo,,ss of chlorine which causes the Weldon process at the present 
time only to be worked in those districts wlieire hydrochloric acid does not command a good price, 
and where the calcium chloridi can be utilised. ( f 

c<6o far as can be<ascertained, the tyddon process is not extending at the present 
time, the under- t describ£d Deacon Process (where the waste o( chlorine is less), ( 
and also elect/olytic 1 methods of manufacturing chloride, steadily* gaining ground 
at its expense' (see p. '$). The cfilSrine evolved 'Irom the ^Veldon Process, 
however, is^ very concentrated, sometimes Amounting to 90 per cent, by volume 
of the evolved igas. 
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LITERATURE 

See refit^ences on p. ^ ; aiso w * 

# Haber. — “T hermodynamik techmscHer Masreaftaion.” #1905. 

Fai.ckf^stein. — Zeit. physikal. Chem 1907 , 59 , 313 ; * 909 ^ 5 , . 

, • * • • * . 

The oxygen of ihe air <#m he used to oxidise hyc^roc#lqfic acicf to chlorine and 
water. Whefi a fixture of hydrochloric acid and air is led over a»he^ted citable 
“ contact ,f substance the following change takes place : — * 

4TTCI + O, - 2CI., 4 2TLO. 

• , * * » 

This is the process of Deacon and Hurter. The decomposition however, is by no 
jmeans a quantitative one, and the unchanged hydrochloric aci(J is recovered and 
used again. # f he Contact substance employed is usually cupric chloride, CuCl 2 , 
heated to 450° C. § Cupric sulphate, CuSO t , has been used, but is not so efficient 
as 4 uCl, 

• 

oThe action is essentially “catalytic,” hut it usually supposed that the CuCL, is first converted 
jtJiU an* oxychloride, which is then, hy means ol tilt IIC1, reconverted into CuCL For example, 
Hen^st#n giyis the equations : — 

1. CuCL =r 2(CuClj + CuoCl.,) 4- 4CI. 

2. 2(CuClo H CuX'L) - jCujjix + 2CI. 

3. Cu-jCloV O -- (“uO.CU " 

4. Cut). CuCL 4 2I I( I = 2CuCL 4 ILO. 

Lunge and Marmier come to somewhat similar conclusions, which are, however, denied by 
Levi and Ret tom, who cannot find in the CuCL used any Cu.CL or CuO.CuCL florcovei , pumice- 
stone impregnated with CuoCL or CuO.CuCl._i gave between 250 u -400 no trace tf Cl. Also, CuS(_) 4 , 
chlorides of Ni, Mn, Mg, etc., also strongly heated pumice-stone alone, gave Cl when a fnixture 
of IIC1 gas and air was led over them. On this ground these authors reject the “oxychloride” 
theory of the previous writers, and assert that the Cl does not come from the CuCl a at all, as this 
latt:r can be replaced hy the S0 4 or substances winch do not contain Cl at all, and put forward the 
suggestum that the catalytic action of these substances is to he referred to the tendency of the 
substances to form oxychlorides. Levi and Voghera also carried out experiments on the us® of 
catalysers such as CaCL, MgC^, BaCL, NiCL, CuS() 4 , <£u(J, etc. 

Ditz and Margosches (D.R. Patent, 150,226, 15th June 1902) have proposed to use as a contact 
substance the chlorides of the raie earths' (Th, Ce, La, Pr, Nd, etc.), which •occur as a by-product 
in the manufacture of thoria for gas mantles. The reaction temperature is 300°-6oo'\ With diluted 
£iscs it is stated that the reaction* lakes ’place even better than with concentrated 40-50 per cent, 
gases. 9 

The reaction is reversible, following the ordinary law of mass action : — 

2HCI 4* O * ~ ILO (steam) -+- CL ± 14,700 calories. 

At low temperatn-es the reaction tends to proceed almost completely in the 
direction from left to right, with the evolution ,pf heat, Jsut so slowly as to be 
practically unworkable. As, however, the temperature Incrtases, apparently the 
attraction of hydrogen for chlorine increases, and the reaction tends to proceed more 
rapidly in the reverse direction from right to left, so that as the temperature increases 
the yield of Cl from HC 1 decreases. Consequently the lower the temperature the 
greater is the quantity of ft Cl theoretically converted into CL ; but^at low 
temperatures the reaction proceeds extrenjely slowly, so that it is unpractical 
1 to carry it out below 4oo°-43o° C. At a temperature sqph as 450° C. equilibrium 
is more rapidly attained, but the yield of ^hlorine is seriously diminished, and 
at temperatures much above # 45o° .notable amounts of copper chloride are*fc>st 
by volatilisation* • 

The most favourable practical f conditionj have been worked*out by Lunge and # 
Marmier (Zeit. angew. Chem* 1897, 105), who found thift^the contact substance 
should be kept between 45 o°-46o° j P ^ Above 460° C. seriofts losses of copper chloride 
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occhr, while bfelow 440° C. the yield of ydorifte was bad dn account of the ^owness 
with which equilibrium was attamed. 0 # § • ' 

Aseregards th£ theory of the process the reader should see Haber, ^‘Thefoctfynqjpflt technisclier 
Gasreaktibn,” 1905, p. 89. 4 recent investigation on the equilibriun^of the Oeacon process.has 
been published by^ogel von t Falckenstein, Zeit. physikal. Chem% 1907, 59J313 ; 1^09, 65, 371*379. 

As gi afi chemical actions whqre heat is- evolved, increase of temperature increase^the velocity 
of the reliction up to A poiiff, anct beyond that point th£ velocity of the reverse reaction fhcreases 
very rapidly. * t < 0 4 * ' c , 

It follows, therefore, that s* in all chemical reactions attended with the evolution of neat (see the 
“Contact Process lor S 0 3 Mafufatfure,” Martin’s “Industrial Chemistry, ’Wol. II.), the lower the 
temperature thg mftre completely does the reaction take place in the direction ^ICl*f 0 ->Cl 2 +H g 0 , 
and consequently the moje completely the hydrochloric acid is turned into chlorine. Uh fortunately, 
••however, at low temperatures the reaction "proceeds so slowly to make it practically unworkable. 
It is only at 4tx> 0 -430 0 that the action proceeds with CuCl 2 with sufficient velocity to majje the process 
technically workable. As the tempefature inrreases up to 450°,*so also does the raj#Jity with which 
equilibrium is attained, ^although the yield of chlorine per given amount of hydrochloric acid becomes 
increasingly worse on account of the increasing rapidity of the back action, H >0 + C 1 2 ->* 2 HC 1 + 0 4 . 
According to Haber/iheoreticallv at 430° C., some 75-85 per cent, of HCl f is convertible into Cl? 
whereas at 57 7 0 C. only 50 per cent. is convertible. 1 ’ossiblyosome advance ma) come with the 
discovery of a more efficient catalytic agent than CuCL, which works at a lower temperature than 
450° C. According to von Falckenstein, the besf yield in the De^on process is obiaindH by 
using a mixture of 40 per cent. IIC 1 and 60 per cent. air. About 70-71 per cent, of the HC 1 gas 
entering the apparatus can be converted into Cl. On drying the cooled gaseous mixture* by 
passing through concentrated sulphuric acid, and again passing it through the apparatus, a yield 
of 82-85 P er cent, of chlorine can he obtained, while on passing once more through the appj^atus, 
87-89 per cent, fields are attainable. As regards the influence of pressure on the equilibrium, it if* 
a general law that an increase of pressure tends to cause a reaction to proceed in such a direction 
as to favour the production of products occupying a small volume, as the equation show's : — , 

4HCI + 0 „ = 2 H ;>0 (steam) + 2 C 1 2 . 

t 4 V()ls. I \(>1. 2 Vols + 2 vols. 

An increase of pressure should therefore favour the transformation of HC 1 into chlorine by the 
Deacon pi ocess,^ and Fouear (private communication) has suggested that a modified Deacon 
process carried out 1 nder pressure, and at such a tcmpcratuie as would just prevent the condensation 
of thefatcam, would have a future befoie it. 

Fig. 4 shows one of the older forms of the Deacon plant, a is the salt-cake 
furnabe from which the HC1 gas is evolved from the action of sulphuric "cid 
on salt. B is a pipe leading off the HC1 gases, c is a condenser irw which 
sulphuric acid, aqueous hydrochloric acid, etc., are condensed. E is the preheater, 
whe.e the entering gases are raised to the right temperature, say 220° C., before 
entering the contUct apparatus f._ This consists of a cylindrical iron tower f, 
surrounded by a brickwork wall m, whereby the, whole can be heated to the proper 
temperature (about 43o°-45o° C.). In the central portions of the tower are pile c d 
layer over layer of baked clay or porous earthenware balls, pn viously soaked in 
cupric chloride solution and dried. As the CuClo is somewhat volatile, the entering 
gas is first sent through the system fiom below upwards, after which the direction 
is changed from above downwards, and so on in alternately reversed directions. 
By this arrangement loss of copper chloride is minimised. 0 

The German patent, 1 97H955 (1906b pioposes to use the double salt, CuCl 2 .NaCl, which at 550° 
is not noticeably volatile with this salt the gas stream can he heated to 510° C., without much 
loss of copper, whereas in the ordinary CuCl 2 , over 460*, a considerable loss of copper occurs. 

By means of this system about 65* per cent, of the HC 1 is, in actual practice, 
decomposed into Cl. The issuing stream of chlo^ne-riefi gases escapes through 
the pip-e h into a seiies of cooling tubes j, whence they pass into the tower k, 
where they meet with a descending spray of water, which washes out the HC 1 gas, ( 
but only absorbs a small amount of chlorine. ,The aqueous HC 1 thus obtained 
is freed frbm chlorine by blowing through it a stream of air. 

c< frrom the water* tower the chlorfrie gas next passes into the drying tower L, 
yrhere it is dried by a descending stream of concentrated sulpbihic acid, the dry 
t chlorine emefging'at n. . e. c t ^ a 

In its original form pte IJJeacon process suffered from some grave defects which rendered it 
unable at first to^compete with the Weldon process^# Tltt HC 1 was at first led directly from the 
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salt-cake furnaces iifto the contact apparatus* and^t was found that th£ latter ceased to work 
elfectMrtfly because the unpurififid HC1 ga| carried on sulphuric acid fumes, ferric chloride, arsenic, 
atid,dust, whifh spoilt the contact substance. Hasenclever, of ihe Rhenania .Vactdly, was the first 
to make the prqaess fcalty successful. This he achieved by purifying the HCI gas by first ^bsflrbing 
itin«water, and thetfliberatfd it again in a comparatively pure staW by running in concentrated 
66° B£. (107* TwJ sulphAic acid, and finally blowing air through the titjuid. Tfce HCl^came over 
pure 1h a steady stream, and was led dir^ctl^ irfto th? contact •apparatus. This processes still 
worked on a vef} large scale. • •• * 

At Mannheim, ^190$, %. further simplification was "introduced in the pnjpe*!? by obtaining# 
directly in mechanical salt-cake furnates (s4 Martin’s “ IndustrialJChemistryd’ Vol. II.) nearly 
pure HCI gas, free fron* arsenic •and* of a fairly constant •strength, "insisting,* f ay, of 30 pqj cent. 
HCI and 70 j>er cent^air. This gas,is purified by leading it through a series of £ellariys con- 
densers (Chapter VI. ), whereby dust # and sulphuric aci(? are deposited. lastly, the gas is heated 
to about 220° C.‘,«and is led directly imo the contact apparatus. * 

• The chl 3 fc«e evolved in fhe Deacon prttcess i? very dilute as compared to 
Weldon and electrolytic* chlorine. It usually amounts to $>nly*8-t2 per cent, by 
volume, the rest bejng atmospheric nitrogen and other gases. Consequently, it is 
difficult to use an ordinary “ chamber ” for making bleaching powder. The lime 



The Deacon process is still able to maintain its position and even advance in spite of the growth 
of electrolytic chlorine. In the Weldon process only about one-third of the chloTifie in the HCI 
is utilised, while in the Deacon process over 40 per cent, of the IIC1 is transformed into Cl, the rest 
being recovered as HCI, and, moreover, the oxidation agent, viz., atmospheric oxygen, docs not cost 
anything. The disadvantage 3 of the Deacon process are the trouble in getting t)te plant to work, 
the frequent loss of efficiency by the contact materials becoming useless^and the loss of copper by 
volatilising or otherwise. ' • 

t *. 

Preparation of Chlorine and Hydrochloric Acid from Magnesium and Calcium 
Chlorides. — Enormous amounts of magnesium chlorftle, estimated at 500,000 tons, are run to 
waste at Stassfurt (see Martjp’s “Industrial Chemistry,” Vol. II. , “The Stassfurt Industry”), 
simply because no ecoi^mic means f*e known of transforming these mother liquors into chlorine 
products. ** 

Many attempts ITave been made to obtain chlorine and hydrochloric acid from magnesium 
Chloride, MgCl 2 . When the latter is crystallised from its solution#it deposits as a snow-white 
mass containing water of crystallisation (MgCl 2 .2H 2 0). • 

When this crystallised magnesium chloride is decomposes, foaming oxychloride aryl 

evolving half its chlorine as HCI, thus* — • 

2MgCl 2 + IIoO = MgO.MgCL + 2HC1. 

If now the magnesium oxychloride rtfnainitag behind*!?, heated in a sjtaeam of steam nearly all the 
chlorine is evolved as H(5, leaving magnesia, MgO, behind, thus : — , 

MgO.MgClf +1^0 = 2MgO + 2IICI. 
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This. is a methM of obtaining HCI from M&C 1 S wTiich has actuJIly been (fcl into practice, but 
without much success. • * ^ # . ■ * * * . * 

In order t<» obtain chlorine frym magnesiun? chlbride or oxy^loride the substance must be 
ignit#d in a stream of air when it evolves chlorine, but only incomplete^ ; «it d<j$s not melt, but 
remains ’porous. This, essentially, was the Weldon and l’echiney ^process? worked for a time, 
but unsuccessfully, at Saliigdres in S. France, the magnesnfln chloridt, being obtained by con- 
centrating the mother liquors lqft after wyslallisin^ out the salt, Na(?l, the manufacture of salt 
being nere a consitlerartft industry. Similar processes were worked at IfeustasSfurt and 
Leopoldshall »in ^Jermany, two magufavturers of p^assiufn salts seeking to*utilise the magnesium 
chloride waste fiqyors in thisWnanner, but again with^no success at Neustassfurt. # In Leopoldshall’ 
the manufacture of chloride Gy tlgis prtgeess was given up inr 19c*), after lieing worked -since 1890, 
but hydrochloric %cid is still obtained at the latter jjfece by the following mediod 

Potvdered magnesi^, MgO, is mixed with the concentrated MgCL mother liquors, when 
combination ensues, with the formation of solid plates 0$ magnesium oxychloride, containing, 
roughly, 10 per cent. MgO, 40 per cent. MgCL, and 50 per cent. H 2 0 . These plates are then 
stacked up side by side and one ^ver the#other in the shifft of a furnaSc, cajj^being taken «to 
suitably support the ^plates. I* rom beneath, the hot gases from the furnace stream through the 
mass and heat them to a # red heat. The plates, shrinking and subsiding downwards, as they do 
in the hotter parts the furnace, yield up most of their chlorine in thejbrn* of dilute HCI g£> 
which is then condensed and absorbed in the usual way by posing the frrnace gHses up absorbing 
towers, where they meet with a stream of descending water. 

The firing of these furnaces is ‘‘brown coal,” \fluch gives off muc^ water, and so aids th^actior 
of the heat in causing the complete decomposition of the oxychloride. The resulting II Cl sdutioi 
is very dilute, only 15^ l>e., but has the great ad\antage of being practically arsenic free. • 

There finally remains a calcined mass containing 15 per cent. MgCL and 85 per cent. MgO 
which is then ground up and utilised, partly for mixing with the MgCL liquois fyr relating th< 
process, and partly for the production of magnesium oxychloride cements (sorel cement, xyTolitfc) 
which is now- being used in increasing quantities for floorings, artificial marble, etc. (see p. 85). 

There seems, however, but little prospect of an increased production of IIC 1 from this or aljjet 
methods, as the ease and abundance with which HCI is produced by the extension of the salt-cak< 
furnace methods puts the former out of court unless the running costs can be considerably reduced. 

As regards the production of HCI and Cl from calcium chloride, this is one of the grea 
problems of the day. Hy the ammonia soda process enormous amounts of waste calcium chloridi 
liquors are pnftluced, and also by the Weldon recovery process, and the manufacture of lvC 10 3 
Enormous numbegs of proposals, almost ahvays devoid of practical success, have been made t< 
man* fact ure Cl cheaply from CaCL, or to utilise this chlorine effectively; Solvay in 1877 

1888, and 1889 look out a number of patents which consisted in heating CaCL with sand, clay 
etc., under various conditions in a stream of air (see “Chemischc Industrie,” 1, 49 (1^78), an< 
Huner, fount. Soc. Chew. /;/</., 2, 103(1883)). An account of the various proposals is given ii 
Lunge's book, “Sulphuric Acid and Alkali,” Vol. III. _ w 
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Within the last tv.o decades a large industry has arisen out of the electrolysis 
0 of the alkali chlorides, whereby not only chlorine, but also valuable bleaching 9 
solutions, chlorates, and caustic alkalies are obtained. At the pre^nt time it 
is stated that over half the world’s supply of chlorine and chlorine yroducts arises 
out of the electrolysis ot the alkali chlorides. A large number of different processes 
have been proposed, but we will only mention those which have been attended 
with SQme success. * 

Genera? Principles.— When an elector current is passed though a salt solution the positively 
charged metallic ions pass to the negative electrode (cathode), whereas the negatively charged* 
chlorine ions pass to the positi\e electrode (anode) thus : — , 

I - » 

NaCl = N.i 4 - Cl. 

' (to - polto (tiH 

* ) 

Arriving at the electrodes, these charged ions give up their electoral charges, and the sodium ions 
become ordinary sodium, which at once reacts with the execs-. of water present, to yield II gas, 
and produce caustic alkali, thus : — ' 

2Na + ILO -- 2Na()H -I- 1L, ’ * 

so that at the cathode caustic soda accumulates and free hydrogen is given off. On the other hand, 
the chlorine 10ns, after giving“Tip their negative charges at the -l pole, a.t* liberated as chlorine 
gas at the anode ( 4- pole), and also remain dissolved in the liquid surrounding the anode. In very 
dilute solutions, and with too high electrical potentials, the water suffers e/ectrojysis, oxygen coming 
, off at the positive pole, and hydrogen at the negative. * 

The conduction of the current across such an electrolytic solution depends upon it* transportation 
by the charges on the ions. Thus every equivalent ion, c.\\, 1 g. of hydrogen. 35.5 g. of chlorine, 

24 g. of sodium, etc., carries wi.»h it the same quantity of electricity, viz., 96,540 coulombs— either 
positive or negative electqcity, accordftg to the + or - character of the ion (Faraday’s law). 

It is therefore an easy gutter to calculate the amount of chemical products theoretically producible 
bjtthe passage of a certain quantity of electricity through a liquid. E.g. t to produce, say, 35.5 g. 
of chlorine, or 40 g. of NaOH (from 23 g. of liberated Na) we theoretically only require the passage 
of 96,540 coulombs. 1 Theoretically, a current of one ampere liberates in one hour 1.3336 g. of 
chlorine. In practice, however, side or secondary reaction* diminish the yield pf these products. 

To liberate any ion % definite electrii&l tension is required, measured in volts. And to drive a 
current continually thfbugh any electrolyte there is thus required a definite voltage depending upon 
* A — .) x — — 

♦ ^ a 

1 A coulomb is the quantity of electricity represented by one ampere jlowung for one second past 
any sectfon of a circuit. 
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* * , 

the nature of the ions liberated. Tihese arerthe so-called “ polaripuion ” voltages, whiih must # be 
overcome before thf ton gives up its electrical charge aiftl is liberated. . * * 

The total Imount of electrical tnergy required for electrolysis is^ieasused by the^ product the 
current.in amperes, and the voltage at which it is forced through *the liquid^ the*unit being called 
a volt-ampere. I volt-amOTre= I watt/sec*nd = o.24 gramni^calorie* * „ • * 

F*>r Electrolysis, Ohm’s law r takes tbe form #J^= ” e , E being lh"e voltage of the source of 

* • t ♦ 
electricity, %nd e the polarisation voltage which must overcome Jiefoif the current will flow 
through the ^Jettrolyte at ^1. It # ls always possilfy? to calculate approximately , from the heats of 
combination of bompon^nt |,.alt^ the^reactions which take p^ce. Thus, confining ourselves to 
the <*Jectrolysis ef NaCl solution, we have the equations : — 

NaCl 4 li.O = NaOII +\ll + Cl 

NaCl - Na f Cl - ^6,400 calories 
Na + ll # () = NaOII -I- II I 43,400 calories 

Difference - 53,000 calories. 


Hence, in order toadecomposc 1 g. mol. of NaCl (58.5 g.) and liberate 4Cf g.^^NaOH, 1 g. H j\nd 
35.5 g. Cl, we require the expenditure of energy represented by 53,000 calories, which is equivalent f 
to 53,000/0. 24 = 220,800 volt-amperes. Now 96,540 coulombff= 96,540 jfmpere-seconds are required ^ 
to liberate the gram equivalent of these quantities and so the minimum voltage (assuming that alP^ 
the heat is represented by electrical energy) necessary for decomposing the solution is 220,800/96,540 
= 2.3 volts. 

As a matter of fact, however, in practice a much gi eater amount of energy than thk is usually 
required. Thus a considerable voltage is required to drive the electric current against the high 
resistance of the electrolyte, and this causes the generatioi of much heat, which is ‘derived ^on^the 
electric current. 

Consequently, in order to pass a current of any intensity across the liquid, we must work with 
a voltage considerably greater than this minimal voltage of 2.3 volts. As t,he frictional meat 
represents a waste of electrical energy, in practice the resistance of the electrolytic cells is diminished 
cto the greatest possible extent by making the electrode surfaces as large as'possible, and the layer 
of electrolyte between them as short as possible. Moreover, the voltages are kept as low as *' 
possible, the conditions for economic production being low voltages and currents of great strength. 

In order to render the salt solutions good conductors (and so save waste of electrical energy in 
fric^onal heat effects) they are made as concentrated as possible, and usually are hot. 

As regards the source of power for generating electricity, this is usually and most cheaply 
provided for by w’atcr power, and so the Niagara Falls in America, Norway, and other countries 
riel? in water power are the main seats of this new industry. 

However, where water power fails (as in Germany) the power is often provided fro#.j coal, 
^irowm coal, peat, the producer gases evolved in some furnaces, and coke ovens, etc. 

The currents are usually generate^ by water turbines driving dynamos, and the current is 
delivered to the salt solutions at a definite voltage and a definite current density, such as experience 
shows is best for < he particular cell employed. These cells are small, and the current is often 
divided among hundreds, and sometimes thousands, of individual cells (as these latter cannot be 
greatly enlarged to meet increased power, as is the case in mo*'t other industrial plants). 


ELECTROLYSIS OF ALKALI CHLORIDES FOR PREPARING 
CHLORINE AND ALKALI 

Four lflciin processes are worked, namely: — (1) The diaphragm process, 
(2) the mercury process, (3) .he Bell process, (4) the fused electrolyte process. 
We will describe feach in detail. * 

(1) The Diaphragm Process. — The earliest and most successful cell of this 
type is the Griesheim, which has been worked ( Chemisette Fabrik Griesheim-Elektron ) 
sine? 1890. Large works employing this cell also "exist at Bitt^rfield, Basel, and the 
Badische Anilin- und Soda-fabrik also use this process. The cell (Figs. 5 and 6) 
consists of an iron bo^ mm, which is made to serve as the cathode. Inside this 
are placed six small porous cells d,d, serving as diaphragms in which dip the 
‘anodes k,k,k, alP connected in seizes, the \yhole being filled with saturated NaCl 
solution. ( 

The walls pf the sma |1 porous cells (diaphraguis) aje a composition of cement, NaCl and 
HCJ (Breuer, German patent, 30,222, 1884). {n the course of use theiNaCl dissolves Ind leaves 
an extremely fine-poied Wall, which separates the anodic from the cathodic space, and which 
allows the current to pasi through. This comptisitidn has proved very resistant against alkali 
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a J^5-K°£ 1 ^ e \ .^v ano< ^ es . dipping into each poi»u$ cell, »re now made of magnetic iron oxide 
( K e 30 4 > fused in the electric furnace at 2,600*3,010 C., and poured into mould''. Such electrodes 
have».pro\%d Sjjfperior # to» the carbon poles previously employe#, which are attacked by nascent 
oxygen. # « # . ' 


Separating $Ach su^lf poroifs cell £yj iron plates l>,l\ goirf^ right across tj^e main 
iron box, mm, and dipping nearly, but nol*quiiu| to the hot^iji. .These iron.pSates 
form (together with*the # i^pn walls id* th^main box, mm) ttie cathodes. , 



Bongitudinal Section. Cross Section. 

• Fin. 5.— The Gricsheim Cell. 


escaping through a tube leading from the interior porous cells as shown at l, the 
anodes passing right through the lid. The chlorine is led away through an earthen- 
ware pipe to the chlorine chamber. * 

Also each cell is provided with a tube-shaped grid of earthenware for filling in 
salt, £hus keeping the solution saturated. The bath mm is also provided with 
a lid thiough which the evolved hydrogen escapes. This gas is either led into 



Fin. 6. The Griesheim Cell. 

9 


a gasometer or it is^letf away^to the pumps, and* compressed in strong steel 
cylinders under 15,0 atmospheres pressure, and stored in this form. 

® The following are the changes w'hich occur m the cell when the current is passed through the 
saturated NaCl solution in the bath. The v'l ion passes through the diaphragms d,d into t)ie anodic 
space and there escapes as Cl gas, while the Na ion p 3 sses from inside th# diaphragm and 
charges itself on the cathodic space outside, 'being concerted into NaOM and H, which escapes 
as above described. ^As the action proceeds the solution becomes weaker and weaker in NaCl, 
so that saturated NaCl solution is, run in though the^ipe z, and the solid salt a^dfed from time 
to time al*> maintains the^upply of silt to the liquid. Consequently id the catholic space there 
gradually collects NaOH liquors mixed with a dilute NaCl solution, agd this is run out from time 
to timejby means of a tap m, the deficienc}*beiac replaced by fresh NaSl solution entering throvgh 
z, so that there is a continuous flow of electrolyte through the system. Jhe action /‘however, does 
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to completfcn. As soon, as NaO& is formed it begins 'to itself take part in csrryine the 

S* 5 T ‘"J ■’ v e ru? d f nC ^^ eComu ! 8 the more the , more NaOH that is present. It is SuopUd 

that the NaO ^decomposes electrc lytically, thus F supposea 

2NaOH = 2Na + 2(OH)'. * 

i( ^ 

T|^e r Na ion at the ^Lthode -then gives up its 
charge , and reacts with the surrounding water 
to prodj.ce NaOII again and H(2Na + 2lLO = 
2 NjOH + Il a ), while at the cathode we get 
the OH' ions similarly changing into water and 
oxygen (2(011}' = H a 0 + 0'), , so that the net 
results art* that hydrogui is given off at the 
cathode aiyl oxygen at the anode, and a consider- 
able amount of the current is r used up uselessly 
simply in decomposing water. To prevent thi** 
waste, therefore, in practice the- process of electro- 
lysis is stopped as ^oon as about one-third of the 
NaCl has been changed into NaOII, and the 
NaOH liquors formed,* containing about 75 g. 
NaOH, andc 160-200 g. NaCl per litre, are' run 
oft into vacuum evaporators and concentrated. 

With the object of diminishing as 
much as possible the internal resistance 
of the cell, the polar surfaces are made 
'ii , . as ^ ar & c ac > possible, and brought as clo'se 

as^posMble together, while the salt solution is maintained at 8o°-yo° by means of 



a steam jacket. 

bmi ! <,Und th i U |I,C . best rcsul,s arc attained in practice by usings voltage of 4 volts to 
dme the current across the path, the cuirent density being 100-200 amperes per squarc^metre Since 

or 355 * ciT4og - ». 

through the liquid, with 4 volts diiving thi-. 
c 11 ratal the energy expended per second would 
he 4x96,540 volt - amperes- 525 11 . P. In 
othqr words, 525 II. P. winking for 1 second 
would yield 35.5 g. of Cl, 01 1 II. I*, work- 
ing for twenty fom houis would give 5.85 kg. 
df Cl = 16 kg. of bleaching powder -6. 6 kg! 

N^Oir-0.17 kg. H (=^2 cub. m.). ‘ “ 

It should be pointed out that when the 
chlorine formed comes into contact with the 
NaOH produced we get, in the cold, some 
sodium hypochlorite produced ; in the hot 
solution, howevei, sodium chlorate is pro- 
duced. So that the NaOH produced some- 
times contains srtiall amounts of hypochlorite 
and ckilorate. * 1 he hypochlorite and chlorate 
in the liquors tend 'to attack the carbon 
anodes, producing CCX„ which is absorbed by 
NaOH forming caibonatK So that W'herever 
carbon electrodes are used, small amounts of 
carbonates are usually fouitd in the Vsultim? 

NaOH. f b 

The Hargreaves-Bird Cell : is 

used directly for the electrolytic pro- 
duction of sodium carbonate. The 
construction of this cell is best under- 
stood by reference to fig. 7. a,a are 
carbon anodes dipping into a saturated 
elution of NaCl contained in \he 

nhrfmc CellS The Wa,ls of these * cel ‘ Cs are made un of porous dia- 

phragms, consisting o f cemenpor jome simijar mate-ial, to which i s P affixed on 

, 8> ; 7 f, g 93 Kershaw ^' 7W ^nlhl^isTT 
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tbe putside a network of. iron ga^ze, t w?iich fofms the cathode. The NaCl 
solution fl^ws into.the £fhodic space through a t«be near the tgf>, and pours 
through the diaphragm surrounding the anode, out through the wire gauze into 
the* exterior ‘empty $ pafce Dr* finally escapirfg through the tube n'; as the salt 
solution pours ‘through the cell, sub^Aled to the powerful electrolytic acti&i by the 
current passing from a to b\ and consequently the salt solution emerges through the 
diagram into the *exte l Hfcr empty spagg dd, it is*laf£cly c^composeri.'mto NaOH. 
In dd, however, it jneets with. a stream of stetyn gpd *CQ., whidh immediately 
combines with* the| NaOH to form NteXT).., which ]>ours ^off through if. "The 
exterior spate dd thus remains cynpty. The N!i.,CO. { liquor is gradually evaporated 
and the crystallising NaXOg serrated by centrifugals. 

• According t«> Kershaw, the maifr cells are 10 ft. long by $ ft. 14 m. deep, and aie united in 
batteries of fourteen. # The Itrine is pumped directly front the salt spring.yinlo the battery, and 
a current of 2,000 amperes, untlcr a tension of 44I \olts, is passed through the liquid. Every cell 
decomposes 100 sajj in twenty-four hours. Cuireut ellineiicy, 90 per *ent. The escaping 
NaX 0 3 liquors eontain uo g. Na..G<> : per litre. About 66 pe* cent, of the NaCl is decomposed 
into NaOH. # 

This process is worked lye the Electrolytic Alkali Com pant in Middles ich, but the success in 
England does not appear to be \etv marked, although the plant appears to he more successful 
abroad, where electrical power is cheaper. # 

The # Townsend Cell (Fig. 8) consists of an interior diaphragm of porous 
material, t\e* asbestos mixed will? iron oxide and hydroxide, firmly fixed into a 
non-conducting cement foot it. Surrounding and in (.lose contact with the potous 
^diaphragm is the cathode, made of iron gauze. Into the interior of the 
diaphragm projects the hollow anode (of Acheson graphite) dddd, which nearly 
fills the entire central space. Through the middle of this anode is a tube ee^ 
down which a strong NaCl solution is pumped. 'I his NaCl, as it passes 
between the wire gauze cathode on aa and the anode dd, is subjected to the 
powerful electrolytic action of the strong current flowing between them. # The 
NaOH formed streams through the diaphragm aa into the exterior space kk, 
which is filled with oil, which serves as the inactive fluid which separates •the 
cathodic and anodic fluids and prevents them uniting. The NaOH liquors sink 
below tlfe layer of oil to the bottom of the space kk, and are run off through mm. 
The oil bath can have its temperature regulated by closed steam or water coils. 
Cl escapes from the anodic space and n from the cathodic spiye (see English 
Patent, 18,403, 1904). % 

Recording to Dackl.iml {Chcnitktr At ituug iqoo 33, 1125), at Niaga^i Kalb a curient of 
2,500-5,000 amperes is sent through a battery o< seven \-si\ cells. The “density of the current 
used is about 1 ampeif for each square inch anodic suiiare The voltage per tell is 4. The 
diaphragms are cleaned every thirty days. Curient efficiency, 90 per cent. >5-20 1. of NaCl 
solution are sent through each cell per .hour. The liqums escaping < ontain 1 g. Na 4 )II an<^2QO g. 
NaCl per litre. 

The main advantage of the pioecss is stated to be the rlmost complete absence ofchl oiates and 
hypochlorites in the escaping liquors. The resulting NaOH liquois a*e evapor^^TI* separated 
from the NaCl (which crystallises out), again e\aporated in open hojjers, and sold containing 
76-77^ per cent. NaOH, together with 2 per cent. NaXO.., aittl a small amount of NaCl. 

Le Sueur's Cell, of latest construction, is described in the American Patent, 
723,398. The cell (Fig. 9) is divided into two»compartments by the diaphragm aa 
(made of asbestos), whicl^ is coated with iron gauze, which forms the cathode. A 
carbon anode b passe^throughlWid closing the anodfc compartment c. A s^eam 
of NaCl solution enters through the pipe e , enters the anodic compartment c by 
gleans of a hole bored in the lid, and then flows out through the diaphragm into* 
the cathodic compartment n. Tfie electrolysed brine collects in n, and the 
resulting liquqj, rich in NaOH, escapes through v. The fluid pressure in c must 
be greater than ir^ d, otherwise* the ‘liquid will not escape* readily through the 
diaphragm. * 

A modification of this jgocess is stated to be worked at Kumford Fallen Maine (tJ.S.A.). 

The Outhenin-Chalandre Qjll .(see Moniteur Sa%tif* 1907, 789, 586) 
has been used extensively in France, Switzerland, Italy, anci Spain. *The anodes 
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arc of graphite, f tfoe cathodes "of iron 0 , $nd # th£ diaphragm consists of a •special 
kind of porotis earthenware, v 

'The? Billiter-Sieni^ns Cell (see British Patent, 7,75}, 1907? Ke/shaw, Joym. 
Soc. C/iftm. Th'd , 1913', 32, 993-995; Allmnpd, loc. cit.\ Alb.nand,,“ Principles of 
Applied Electrochemistry ”) has, sT*ice 1907,. been extensively introdtfcecl on the 
Continent and at Niagara Phils. ^ ,» r 

'Pile applet us (Fig. ¥0) consists of a bell (*: 1) closed at the bottom by a diaphragm 
(1, 2^, which rests on nn'iroir^or nickel net (3), which stfrves avthe negative cathode. 
Inside the *- 1 »cll is tilt anode (8) (made of' carbon*), the whole tanuing in an outer 
vessel (10). f 

The special feature of this cell is the nature of the diaphragm! The wire net 
cathode (3) is covered with oMinaiy eommeicial aslfestos cloth yi), otrwlnch is fiikd 
a powder diaphragm £2), made of a composition consisting of an insoluble powder 
(like barium sulphate or alumina), with asbestos wool, the whole being made int^a 
tenacious but consistent mas$ with a solution of common salt * 

Na('l solution enters though the pipe (12), flows right through the diaphragm, 
is subjected to electrolysis in so doing, and escapes as NaOH through the 
outlet (15). 



The cell is piovided with a special heating anangement, which selves to keep 
the liquid hot. ^ 

With 4-S v(js the ..ppaiatus gives 12 p< 1 cent NaOII, with efficiencies <>i 90 95 |>ei cent. of 
the theorem a| amount ('I ga> <>l <)*> pu ten! strength is evolved An uppaiatus with a cathodic 
ml of 1 m|. metic working under .1 t-nsum of 4-4 5 volts lApnies a ctmeiil ol f>oo amperes. The 
salt solution m.unlaincd .it Oo ' C. Anodes of magnetic non ovule aio now stated to he Used 
instead ok- 

The Bliliter-Leykam Cell, a modification ol the c Billiter Siemens cell, is an 
improved form of the bell jar' cell, using cathodes hooded in asbestos and placed 
underneath the anodes. 

Working at S5‘ it furnishes a 1 2 - li.' * per cent. J\a < )1 1 at a cuuent efficient*} of 92 pel cent., 
using 3.2 \olts and employing unpunfied hnue. The thaw hack ia the small amperage pci unit < f 
floor space. , ». - * 

The Finlay Cell, described in the British Patent, 1,716 of 1906, also in 
Allmand's “ Principles of Applied Electrochemistry,” p. 380, is a double diaphragm 
cell, with a doubly coiihter-fl owing electrolyte traversing the cell from end to end by 
(means of tubes. v By means of a f.lter press arrangement (the cell being built much 
like a filter press), the thickness of Vne electrolyteds reduced to a mftimum. There 
is a constant (Jifference of. h>drpstatic pressure at every point of' the diaphragm, so° 
that unifora'i percolation ol the bribe is secured. r 4 

Kig. 11 shows a , .eclien of a hattciy of cc»ls. a,a aic the anodes, />,/> the cathodes, d,d the 
diaphragms (made out of 'dsbesto> plate, with holes tHfciem at top and bottom for allowing brine 
to flow through according to a definite counter -curienl « uculating tube system), and p,p are 
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distajiP pieces'* frames placed between ^luP diaphiajfms) which, when pressed up by the 

screw 31-32, enclose a space yluch eonstittftes an elertiolyticfhambei. Ttfe^e distance pieces aie 
alstJ provided with , hflles. which, with the cm responding holes in the cathode, anod*, and 
diaohragms, const iltte parts of the tubes of the calculating system. J^hcn these parts are arranged 
in the cell as shown, aijd afe pressed togetlun between the end plates 30 b\ i^eans of the sciew 
31, and the handwheel je, onfices in tlu* Nathalies, diaphragms, distance pieces, and # nn^les all 
coincide, and fofin continuous tubes « »t dffets lot ciieufatmg ihe^lecfVmyie. is the feiM system 
for the brine, 37 and ai^.^espeelivel#, out-^ow cisterns *01 jhe pioducls ol the j^illode and anode* 
chambers lespcctiveh. 39 is .1 sepaiator* foi 11 gas. a sunilai ^epaiator shown) being 

employed for Lb?* cldon^e • • • * 

The separates and! pipes connect .with thosthree double lines of holes m tlu*elc^nents, fhakmg 
up the battery, so tharthiee continuous tubular eiicuits^ie formed for the (]ow of lupiids. * 

According to I)onn:ni ( fount. So< *Ciu'in. hnL y 1913, 32, 904) this ec 11 , woiking with purified lit mo * 
and a current density of 4 amperes per squat c decimetie of diaphiagm, can pioduee S 12 pei cent 
NaOII at a voltage noi ext ceding }-.’olis, and with a fcalhodie cuirent ellu lency ol 9S-99 per cent 
In 1913 three 1 ,000 ampere units weie being satisfactory opetaied in Ht^fast. Tin* h inlay cell, 
howevei, acetmhng to^Keish.fvv (/<>.. </'.), 1-. handicapped In the low AmienUnlion of the NaOll 
produced. • 



• 

Kershaw (/or. ri/.) states that diaphragm cells, with .1 mount; elvruoly^e, the 
How of which through the cell counteracts tin- effects ol convection currents and 
of ionic migration which are constant]) occurring, are now the most ent type 
of electrolytic cell for thu production ol alkali and chlorine compound^! lie Ihlhter 
Siemens and Finlay cells possessing the highe-t energy eiitr i*iVes. 

Tlie following figures are given, showing the cm rent and ntergy efficiencies of 
the various electrolytic alkali processes • 


Nairn of l’l^ces-,^ 

Ft fu ien< ies 

pei Cent. 

• 

< ' 011 c ent 1 at ion 


( 'in irnl 

l'.neigy. , 

Soda Liquoi. 

(iriesheim - 

• 75 

4 s 

4-2 \ 

I Iargita\ esJbid - , 

f No 

54 


Towmsend - 

94 


4 N * 

Iiillitci-Siemens - 

42 

ns 


Jlilhfc^Ia ykam - i 

95 

5<> 

. 3 4 N • 

Finlay /- -« - f 

4 # : 

• 55 * 

2 N * 

Castner-Kcjlner - 

91 

5 2 -3 


Aussig “ hell” 

S 7 S • 

40 9 

• # * 


• • • 

Note . — A concentration of 1 N is equivalent to 40 g. of Na(#MI pel litr£ 
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. (2) The Quicksilver Process of Electrolysing Alkali Chlorides — 

In this process quicksilver ser.es as the cathode, taking up the .liberated Na as # an 
amalgam, and giving it at another place to water to form NaOH ana hydrogen. 
The great advantage of this process is that jhe NaOH forined. in the neighbouring 
cell isrcompletely chloflije free, and^n evapOrkting the solution a very pare NaOH 
is obtained. Moreover, it if possible to prepare rlireqtly very concentrated NaOH 
Tiquors, so tn^not suchtfi great deal of evaporation is necessary as in the process 
first discussed/ The /ibMencf? of, a diaphragm greatly reduces , the resistance, and 
so allows tfie 'whole operation to be carried out at a low uoltagc. The main 
disadvantage is the < great cost of tVie large quantities of quicksilver required for 
the plant. 

hig. 12 shows the cell employed J:>y the Castner and Kellner Co., Weston 
Point, Runcorn. T^ie large trough mm is divided into three comDartments A,r v \, by 
two partitions whych do not touch the bottom of the cell, but fit into grooves at the 
bottom. Two stout graphite*electrodes project through the walls of the two outer 
compartments of the vessel, .while the middle compartment is fitted with an iron 
grid to form the cathode ( — pole). The non-porous massive partitions do not 
reach quite to the bottom of the cell, hut dip into a layer of mercury covering the 



Fie. 12 . — The Castner-Kdlner Veil. 


bottom as shown. A solution of alkali chloride flows through the two outer 
comportments, and water through the middle compartment. 

On passing the current, the salt dissolved in the water of the two outer 
compartiT.cJls a, a is split up into Cl and Na ions. The chlorine is evolved as 
such at f, but the sodium travels with the current and 'dissolves in the mercury 
at the bottom of < the 'compartment, forming # sodium amalgam. A slow rocking 
motion is given to the whole apparatus by means of an eccentric wheel placed at 
H, and this makes the mercury flow from one compartment into the other, and so 
brings the mercury amalgam into contact with the water in the middle cell, where 
it is decomposed, forming NzfOH, evolving H, ancT regenerating the mercury. The 
hydrogen escapes through the loosely-fitting cover. When the NaOH formed in the 
'middle compartment ^sufficiently concentrated it is run off into another tank for 
boiling flown. tc 

»* 1. ** 

According to W. Grcrdon Carey {/oA'nt. .Set. (JJicm. Jnd. , 1913, 32, 995), 144 cells of the 
rocking Castner ttype, measuring 6 ft. by 4 ft. internally, and containing 2C*» Jjbs. of mercury, gave c 
with a curreia of 560 amperes af 4 volt, (^sing Aches^p graphite, anodes and iron cathodes) per cell 
about 0.75 gafl. of 20 pe~ cent, caustic so'da per hour, ivfercury in ^the cells was purified from 
disintegrated graphite, by nj/erhanical means andl dilute nitric acid, the 'total loss of mercury being 
under 2 per cent, per year, t* The evolved chlorine ipad«40 tons of bleaching powder per week. In 
working the cells care ha^.to he taken to prevent bndue hydrogen formation in the anodic chamber 
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.(the gasts being repeatedly analysed), otherwise explosions xnay occur, Kcisnaw [loc. ctt.) gives 
the current efficiency as 91 per' cent, aflcfdhe tnergy efficiency 52.3 per 8t*nt. See also Lepsius 
{loc* cit.) and^fcnglish patents, 16,046, 1892; 10,584, 1893. • 

* Solvay-Kelln^r Cell.— •Fig. 13 |ho\vs a* diagram of the Sol vay- Kellner cell. 

The carljon anodes a*a,a,a are joined up as shoWfi, and dip i rxl c ^ a stiong solution, (ff brine 
which fills the trough xy, the briue e nip ring at s and flowing o«t at s 1 . Simultaneously a stream 
of mercury enters at V fl(Av$ along therx)tt<$ of the cell am? escape at r>, flowiaJJ over a “weir”* 
at c. As the current passes frotg the. carbon electiodes t<Mhc gierc*r>, the ^ Inm dissolves in the 


* Oii 



Fig. lj. — The Sol\a\ -Kellner Cell. 


meicury to form amalgam, which is then removed at P, decomposed by sieam, forming II gas and 
* NaOlI, and l)i8 recoveied meicurv is pumped in again at H. Chlorine escapes continually at F 
The apparatus isthuxa continuous working one. The escaping amalgam contains usually 0.3 pet 
cent, of Na. The cell can be built in \eiy large units, taking 10,000-15,000 ampcies (see (German 
Patent, 104,900, 1898). 

Rhodin’s Cell, stated to he in use in S.iult Sic Marie in Canada, consists (Fig. 14) of a circular 
iron trough aa, in which 1- placed a hell-like vessel RR, thuuigli which passes a series of carbon 
anodes D, i>. 'I'he NaCl solution is contained in the bell. The e\terioi trough aa, however, is 
filled with water, and the bottom <>l the trough contains mercury, which forms the anode. The 
whole hell slowlv revolves, and the quicksilver abv>ib-> the hbciated Na as sodium amalgam, Much 


A 


Fig. 14. — The Rhodm Cell. • as viewed from below. 

is then decomposed by ihe watei*?h the exterior trough, f. tuning NaOH and II (see Zeit. f. 
Elektrochem ., 1903, 9, 300 ; also German Patent, 102,774, 1896). 

• The advantages of the mercery cell are (Lepsius, l%c. cit .): — (1) Very pure 
caustic alkali of high concentration; (2) high current efficiency; (3) n*> oxygen 
evolved. The disadvantages are:— (j) High voltage required ($.3 volts); (2) cdfet 
of mercury (72, tens per plant of 6,000 H.P.); (3) expense of ftrst^ cost (apart 
from Hg). 

(3) The Bell Process. — In this* process no diaphfagms are used, the 
separation of the liquors being macle dependent upon the superior specific gravity 
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of the caustic sod^ or caustic' potash # solution, # \vhich .then sinks to the Bottom, • 
leaving the NaCl c5r KC 1 solution above. r . 

Kgs. 16, i 7, and j 8 :diow the AllSSig-Bell Process in longitudinal £nd in cross 
section (see German Patent, 141,187*, 1900). Here d:he anode is enclosed in*an 
inverted, *non-cbnducting bell, with ^he cathode outside. In % vessel’w stand some 
twenty-five small invt^tfed parthenware “bells,*’’ 0,0, coated externally with iron 
•-sheeting ce, 'wjiich forms the cathodes. Irt^ide* each beK \s a* carbon anode a, 
placed so thafeonly a smill syacejs left between the ^lls of die bell and a. All 
the bells are connected in {parallel, as showq in Fig. 1 7. Through an opening c in 
the carbon anode A ( a saturated strfcam of Na(’l slowly pours out of Many small 
holes in the pipe dd into the cell. As it enters, the/liquid is subjected to the action 



Longitudinal Section 
J* hi. jCk 




of the electric current, and the heavy caustic soda formed sinks downwards and 
fills the trough beneath; as it docs so, it is contiyjnlly removed by the overflow 
pipe**/. The Cl gas escapes out of f. The openings u,r, in^he bells are used for 
connecting together the gas spaces .of the twenty-five small bells, so as to maintain 
internal gaseous pressure the same in each cell. , * 

f The theory of tin* process has been » orbed out in detail h\ (). Steiner (Os/crr. Chem . A//., 
1907) and F. Chancel (C.lfr., 1908, 1789). The alkaline caUtodtc liquors form in the “bell” .sharp 
layers (Fig. 18), rite definiteness of which must be maintained if the process i*. to work efficiently. 
Its -position iri ^he cell, also, mus’t not* belabored to yny great extent, a state which can only he 
maintained by Continuous 1 -orking. For m*the process of^ Electrolysis, the neutral zone, if lelt to 
itself, would steadily aclvtuic^ upwards in conseqitcmce of the passage of (*)1I ions toward the anode, 
for, as explained on p. 16, «.s soon as any KOH is formed, it begins to take part in the electrolysis, 
the K passing oto ward s thp cathode and the OH lt>ns towards the anode ; and it is obvious that m 
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the cathode liquor, where excels of KOI1 is pieseny it is the # K01I whicfl is for tTie gi eater pat t 
electrolysed, whereas in the anodic solution n|jovegt is ihe KC1 which mainly «ndergncs electrolysis 
Conyqueltely, if we vvej-e dealing with a st.Uion.uy fluid, thetKOII layer tvouhl# steadih creep 
upwards towaras the^fnodc, and this is only prevented |>\ .1 steady continuous feed'of Is t 1 solution 
.at such a rate as to just counterbalance the rise of thp KOll layer, fo that the “neutral rone” 
remains in a stationary eufidition in the cell, mother advancing up the Hill nor icc^diiig below it — 
conditions whflh are easil\*niaintained by carefully legating the \ oll.me^and tenipeialurff, ai^l the 
inflow' of KCl solution, so as to nnintam* equilibrium. The nt^iti.u l.uei must remain* seveial 
centimetres distant frofli th^aliode, and tTit* hot id diould n«f 1>« heated to an\ gieu^aftent. 

The iron cathode must lie close to the bell, and tlu anode must bejjufecth hoy/*mt:d. 

. • • . • • . 

It has betfi foufid that the necessary voltag^ for efficiently working this process 
is 4-5 volt?, while the current-efficiency is gnen a* 85-90 pgr cent. It yields 
alkaline JiquorS containing ofterri20g. KOH per litre ---consequently much tichei 
ii* KOH than th<* liquors obtained by tin t diaphragm ptoccss. However, the 
electrolysis of the^KCl eqpnot he carried to completion owing ty the growing yield 
of O together wit]j the Cl, also some chlorate is formed. • # 

One disadymtag® of the apparatus is the smallness of its dimensions, 1 and the 
, care and exactness w*th whidr it must be regulated, one necessary condition to 
this being exai t hon/onpdncss. Once iif at lion, however, it will keep long at work 
(the graphite anbdes having, it is stated, a 
life *of •five years), and requires hut little* 
supervision. 

• (4 f TheTFused Electrolyt? Process 

is stated to he successfully woikod on the 
^Niagara Palls* (see Haber, Z. Elektrodicmn', 

1 9°3> 9 ’ 3 () 4b qjid is protected by the 
English Patents, 6,03b and 6,637 °1 1898, 
and by the Herman Patents, 117,358, 

118,049, 1 18,391, 119,361. It is usually 
known as Acker’s pro< _ss. Molten lead is 
used for the cathode for collecting tin* 
sodium, and the resulting alloy of lead and 
sodium is then decomposed by steam to 
form Hydrogen and sodium hydroxide. 

Fig. 19 shows the apparatus Four graphitic 
anodes x,\,a,\ dip into a 12 15 cm. deep 
hath of fused salt, so that tho^ aie n -’v 
serrated by a distance of *2 A cm. from 
the cathode of molten lead and on which 
the molten Na( l floats. The molten lead is t untamed in a \essel built up of 
fire-resisting mateiial, the component pint of w 1 1 i < h aie kept fastened securely 
together without mortar or cement merely by the molten salt penetrating 1/rtwcen 
the crevices, and there solidifying, forms the binfling material. 

A powerful current of 8,000 amperes, under a tension of 7 volts iiff current 
density being 2.9 amperes per square centimetre area, keep* the Oath in a molten 
condition, the lead taking up soni| 4 per cent, of Na, and being theji run off 
and decomposed by a blast of steam under a pressure of 2-3 atmospheres. This 
regenerates the lead, which is pumped bnrfc into the furnace again, while a 
stream of burning H escapes above the lead the NaOH forms in a layer, which 
steadily runs off (ahwit 11 kg. in one houi) and i? absorbed in special v^els. 
The chlorine, mixed with air (10 per cent. HI to 90 per cent, air), escapes from 
Hhe anode and is conducted to \\w % IIasenclcrer bleaching powder apparatus (p. 
for chlorinating lime. 

Although at least per cent. im*re enf-igv and n*liighe» \oltage if needed ' ith this process 
• lhan for the electnfly^is ot aqueous solutions, yet this is to some extent c ompenftated bv the high 
oeld and concentration of N.iQff, aycr.tgi#g <14 per.c^nt? 'f'he impure silt fs djrPctly converted 

• 

1 At Aussig 25,000 celf*are required for 5,000*! 1 
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into NaOH, wftich is tHcn filled in iron boiler^ in order to remove traces of \/g 0 and CsrD, which 
are derived from the f Ca and Mg salts originally h thf sdt. The MgO and CaO settle oirt-at the 
bottom, the resulting products consKtirg of 97.4-97.6 per cent. NaOH and 1 per cent Na.>C 0 3 ., 
Tfee process was succes chilly worked at Niagara Falls between 1900 ami 1907, when the works 
were destroyed by fire. " ^ 

Evaporation an 4 w Concentration- ol“ the Caustic Soda and Potash. 

— The 'evaporation of the *.NaO^I liquors, containing as they (Jo much NaCl, is 
^ carried out llj'triple or quadruple effect vacuum pans very similar to those used in 
the manufacture of soap fry evaporating the soap lyes and .recovering the salt 
(see Martinis "Industrial Chemistry/’ Vol. “Organic”). f- 

In evaporation, advantage is taken of the faot that NaCl and-KCl are very 
sparingly soluble in concentrated NaOH or KOH r solution, and consequently, 
as soon as the concentration proceeds far enough, the NaCl separates out almost 
completely, and is 'separated from the NaOH liquors by torcing the whole through 



Fits. 20. — Vacuum Pan foi Concentrating Cuu-tic Soda. 


special filters. Thus, (Fig. 20 ) a represents the body of the vacuum pan, the 
separating NaCl collects in b, which is provided with a transporting screw or worm, 
working automatically, which from time to time forces the deposited salt from b 
through the filter press c, wherein the salt remains behind while the NaOH liquors 
are sucked away into r>, whence they are forced back agaitQ into a, and the evapora- 
tion^continued until the right Concentration is attained. 

Ine electrolytic NaOH of the Badische Anilin- und Soda-fabrik is used largely 
for the alizarin fusion. Large quantities of NaOH find an outlet in the paper, * 
soap-making, and many other trades. 

The electrolysis of KC 1 with th^ resulting production of KOH, Cl, and H is 
carried out in ^precisely the same manner as that of NaCl, and it is possible to 
obtain chlorine-fee KOH by first ^evaporating to 50° Be. (at which temperature the 
liquor contains 49 per A :ent. KOH to only 0.6 per cent! KQ,— so insoluble is KC 1 
\n concentrated KOH sdution, the substance being often put on the market in this 
form), and after filteringThe separated salt, iby further concentration and crystaliisa- 



CONCENTRATION OF CAUSTIC SODA 25 

tion at 6o° C., when the d\forine-fr6e solid hydrate KOH.H .,0 ts obtained. Bel&w 
fjt C.'the hydrate KOH.2H.jO is dbfeiindti. “ % 

/ l'he industfy is especially developed in Germany, where in 1904 vmfe 1 5’, 000* tons electrolytic 
1 NaOH and 28, OCX) tuhs electrolytic JvOH were placed on the market, “ihe evolved chlorine going 
to mike some 60,000 tor# of bleaching puwdqj. In Germany two-thirds of the bleaching powder 
made is derival from electrolytic chlorine. "In the U.S%A. the industry is also highly developed, 
but in the United Kingdom only a beginning has been inade. * 19 ‘ 

* . * . •> * * „ 

The chlorjne which is evolved ifi these electrolytic «processes^,is extremely 

concentrated, jas much so ifs Weldon’s chlorine. *» Il*>is Either directly converted 
into bleacfyyng* powtSer or liquefied. * * ^ * 

The hydrogen, compressed' 1 in solid-drawn wefdless steef cylinders to" 150 
atmospheres, is used for autogenous welding and cutting, for hydrogenating 
uhsaturated organic substance^, and for filling airships (see Martin’s “ Industrial 
Chemistry,” Vol. 41 .). *Jn Germany it is slated that io,ooc^ooo cubic metres 
aie annually produced from this source alone. " „ 

Properties Of Chlorine as — Greenish-yellow, very irritant suffocating gas. 
Sp. g>i 2.5 (Air — 1). 1 jfol. water absorbs of chlorin? gas (measured at o* C. and 

760 mm.) : — • 

'ftmpcratuir ... *10’ ('. 20 7 (’. 3°’ ('. 90’ (’. 

ofdilorine j.oq^ 2.2(10 1.767 0.380 

Sifnlight decomposes chlorine water, causing evolution of oxygen : — 

cl . - 1 1,0 = 2II1 l - o. 

Moist chlorine is* r eiy chemically active, uniting with II gas explosively in sunlight 
also with most metals (with exception of platinum), S, P, etc. Carbon is no?’ 
attacked. Dry chlorine is much less active, having no action on sodium or even 
iron Chlorine is absorbed by sodium thiosulphate, caustic alkalies, lime, etc. 
Powerful bleaching and oxidising agent in presence of moisture. 

For Liquid Chlorine, see p. 31. 
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LIQUID CHLORINE 

LITERATURE 

► 

See *he foregoing reference* to chlonm* on pp.«3, 13, also the fallowing • - 

Tkkhmann.- “ Kompriiniertc Gasc." 1908. 

* 1 I&LBINC.. — ‘‘ Fortschriitc m tier Fabrikahon der .inorgamschen Sauien, tier Alkalien, des 
^^Lmmonmks utkI verwandter Industruvweige, 1803-1005 ‘ Iletlm, 1905. 

CW Kau^TTi. — Zcit. ( omp. u. Jins & Cast, 1803. 7, 58. 

Also German Latent, 50,329, 1888. American Patent, 4<) 1,099. English Patents o, o, 
1888; 7,058, 1890: 1889-1892. 

C/iem. 1906, 29, 105; 1905, 69S. 

A. Lan(;k. — ZPl/. angnr. Chem.. 1900, 684, guu-N the physical (uopcrtiex o| litjuicl chlorine. 

GkokI'Rky Martin and E. Ducamkk gi\t* a full aiuumt o| tin* properties of gaseous 
and liquid chlorine in Vo). VIII. <>f “ Motion Inorganic Oicmislry.” Edited l>v 
Newton Friend. 1915. 

In Germany, the production of large quantities of chlorine by eleetrolysi? of 
alkali chloride solution lias led to the manufacture of liquid < hlorine on a con- 
siderable scale. Liquid chlorine is also made in England by I he Kastner-Kellner 
Co. TlTc industry arose from the observation of R. Knietsch (of the Badischc 
Anilin- und Soda-Iabnk), in 1888, that dry liquid chlorine does not attack iron*. 
At the present time the Ifquid chlorine is sent long distances ijj large boiled 
mounted on wheels (somewhat similar to the apparatus used for transporting 
petroleum), and is drawn off f®om*below in «i liquid condition into storage vessels, 
from which it is allowed to issue from above as a gas when required foi use. 

When, however, only small quantities are inquired, the liquid chlorine 
is preserved in steel cylinders, holding from 80-120 lbs. or mtirc of liquid 
chlorine. ’ ^ 

By means of these methods chlorine ha^ been rendered available in a 
convenient form, and is o now generally used both on the large antCvAttli scale 
for chlorinating organic materials (<f\g., 111 the manufacture *>f monochloracetic 
acid for the preparation of indigo (see Martin’s “Undus-^TAl Chemistry,” Vol. I.), 
chloroform, chloral, carbon, tetrachloride, chlorbenzene, chlortoluene, etc. ; also 
for obtaining bromine from bromides. Recently it has been employed in warfare. 

Liquid chlorine is produced solely from concentrated electrolytic (or Weldon) 
chlorine. Diluted chlqrine evolved from the Deacon process is quite unsuitable for 
liquefaction. The process is as follows : — * '*"* 

• The concentrated chlorine as ^t streams from the electrolytic cells is cooled* 
in earthenware pipes in order to condense as much water and hydrochloric 
acid (if any is present) as possible; the gas .then passes through .concentrate! 
# sulphuric acid in ?rder to dry ft, and then into the gas holder which stands 
over concentrated sulphuric j aci(^(Fig J 21). From*A the'gas passes through the tube 
bed into the compressing pump d. * 3 ** 

The piston m works up and (jown ib the limb p of jth£ U-shaped tube rs. 
This VI tube is filled with concentrated sulphuric acid, but* the surfac^of the acid 
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in p is covered with a layer of petroleum. The tuba is widened at r v in order 
to prevent ( the ?ise and faH of the liquid Surface churning up the sulphuric acid 
anji petrolehm thei 'in into an emulsion. The limb s amm^n uni dates with the 
holder’! by means of a vahe n and a hole / (wfcich oan J>e wholly or partially 
closed ^by the screw p). K r 1 * c 

•A water bath H surrounding s k keeps the-limb s at a temperature of 5o°-8o° C., 
so as to prevent chlorine Condensing in thii part of the apparatus, x is the strong 
glass tube t 3 show the'qevcl of the liejuid in t. The tube g leads to the condensing 
coil k and the strong steel holder o. The action is as follows; — When the plunger 
M rises in-u the pressure is diminished, and Cl gas is sucked in from the tube bed 
through the valve '/ into the chamber e. When, however, the plunger m descends 
on the return stroke, the chlorine which has entered is driven out of the chamber 
K through the valve n into i, the last traces of Cl being forced out of the chamber 
E into T by the excess of acid contained therein The complete expulsion of the 
Cl from the chamber above e is essential, because in order to liquefy chlorine gas 
it is necessary to compress it to about of its .original \ due, so that if only a 
small bubble of chlornu* tuuained in e this would greatly impair the efficiency o ‘ 
the pump. The hole / prevents this, for as soon as the pressure decreases in F, 



(owing to the rise of the plunger M) a quantity of acid is sucked from i through 
the tube / imo this chamber v so as to partially till it, and consequently somewhat 
less Q is sufckcd into the chamber k from / than propeil) corresponds to the volume 
of the 'plunger m of the pump When now the plunger m returns on its downward 
stroke, Ct /orrows that not only is all the Cl pressed out of e into r, but also the 
excess of sulphuric acid which had entered the chamber e through / is also expelled, 
and this stream of acid f'rces out the last traces of Cl from E into r. 

The 1 compressed chlorine passes away from the pump through % into the 
condensing coil k. Here liquefaction takes place, the liquid pouring into the strong 
steel vessel o, and then into the steel cylinder v, which stands upon a weighing 
machine. The steel tran 4 poit cylinders are made of ^ueb a si/e that they 
withhold, say, 50 kg. (about 1 ewt.) of chlorine. It should be noted that for each 
c i 1. capacity not more than 1.25 kg. of liquid chlorine can be run in, or i kg', 
of chlorine must have' allowed it o.<S 1 . (The specific gravity of liquid chlorine 
at - 10 C. .cs about 1.5.) 1 kg.qCl corresponds to about 300 1. of Cl. These 

cylinders arc usually 'tested every two years up to 2 2 atmospheres ^pressure. 

The firm, ]?. Sthiilt/e ft C<>., lw\e plrwexl on the ihaiket»a doable-action compressoi fin chlorine 
and similar vefy leacthe *ase», a section of which is shdwn in Fig. 2z. The appaiatus is worked 
by compicssed an. .The thole apjiaratus is made of acid-resisting cast iron The compressing 
pistons for the chlonne aie fftimed hy liquid sulphu^C acicl of 6o° lit*, coniamed in the two \ essels v,V- 




The sulphtric acid in these two vessels alternately risen and falls* being opciated by compressed an 
entering through a. When the liquid in vYalk, it ^.ucks in chlorine gas throuj|li the valve H ; and 
when it risds it ^xpcls thc*chloiine gas in a compressed condition ^about Sjpnospheu*) thiough the 
valve F. A glass tu|g<* (shown in* outline) indicates clearly what is ta/nng place in each of Mho 
vessels v. The chlorine ^as, therefofe, only c tunes into contact with ll^e sulphuiic acid in v, and 
the walls of V (which are«>ften poieelain or kid lined cast iion). liy this means all difficulties as 
regards pistons, stufhng box4s, etc., aie avoided. The w.w*iluit the cmnptupsed an enteimg*tluough 
A causes the sulphuric and in n and the climbers v,v to altei natch $tse and fall is as follows f- The 
compressed ail rushing \\ though \ into the q^ambei t> foi?es*the suluhutic acid <prt # of i> into V, 
thereby compressing the chloiine iu v and expelling it through lu \>flicn. liow •!-? the sulphuric 
acid is nearly expelled hgifi i> the floatei n is lcll^nlhout suppml, and nnmediat .inking operates 
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a lev#i which shtUs off the supply of eompiessed an. a >d sU'iullanemish opet t the v.d\c tints 
allowing the compressed pi in i> to escape into the an I It picssiue thus falls in l». which causes 
the sulphuiic at id m \ to rush bad a- jam inlo l>. lino aea- diawmg in fr< sb chlom. thiough It. 
Tin mechanism is so ananged that when the sulphuiic tud m <»nt cha vbei \ 1- using, live siilpliutit 
acid in the olhei cliambi i \ is falling. 

«< 

Liquid chlorine is a yellow mobile liquid, b tiling at 4 31° ( . At 1=^ C. it 
has a vapour pressure o* 5.8 atmospheres, and eonsetjuently it can be easily 
liquefied either by compressing to 8 atmospheres ;yul rooipfg with water, or by 
cooling to - 50° C. by means ol liquid CO,. > j 

The specific gravity of liquid Cl is 1.5950 at - 50', 1.4685 at o° C., r 1.4257 at 
1 5° C., 1.5141 at 50" C., 1.2228 at 75" C., and t.i 154 at too' C. 

For properties of Chlorine* Gas see p. 25. 
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MANUFACTURE OF CHLORATES 
AND.. PERCHLORATES 

. U J’KRATl/UE 

Lumjk. — “S ulplmiu 4V ul and Alkali." inig 

|mus< h — “f>iH I'.ilirikation \<>n CM< >1^1111 cn Kali.'' iSSS. 

^imhai 1. /oiint. ,Sh<. l 'hem. Jnd., I SSt>, 40N. 

Ham mjj \ . —Join Soi . C In in. /* / , 1 SSo. i (>S. 

IWh.ins. /on? n. 1 ('/it n/. hid.* 1SS7, 2 jS. 

Wkiih'N /oit) n. Sot. ('/it'?n hid , I.SS2, 41. 
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V. 1'oKslLK “ I l(‘ktM»( 'icmic W.lssrl n;i‘l Lsgll KK>5 
I) M I’M l s lSfllin. KKH), 2, S(»»). 

Mi’M’KUI and ill 1 imw.v l-'n-li ,li Patent I.SS}; 5 , 1 S ? , I SS 5 ; S,iN(>, 1NS5 ; 

i.OOu, I SN v ' ' # * 

Set' al'O tile InlldW Dig | , ill i'll Is IlCRTI'K, 1 .Ilglisl) I’.lTdlt, JS. ^(,<1. lNoj I’ll I MfM’l ’m., 
hindtsh I’atuit. Q, 120, 1 S()j ; Aim man Pa 1 1 1 1 f , ^7,17*1 Imiioii, Aiik man Pat « 1 it . (>27,<j<q, 
(rVini.tn Pan nt, 110,505, 1S9S Li dlri . s ami I’okuiv licmh l\il< nm 2211,257, 1X02, 
and 2 ^S, hi*!, iSf).} ; (an man Paten! , 1 50,07s, mm L' m i i i> Ai k \i 1 < '• » , 1 nidish I’atcni, 1,017, 
lSqn. La.Midi 1, I’lcmh Pale nl » .^2,757, iN</S, and (icnnan Pa 1 1 lit , 150,747, moj. SlKMi'T, 
and llAI sKh, < Inman J'aitni, 1 y,S5<i, 1003. 

Manufacture of Sodium and .Potassium Chlorate.- Potassium chlorate, 
KC 1 J).., and sodium (Morale, Xa(T() ;j , imm excellent oxidising ajlails, containing 
the chlorine absoibcdpin their formation aval hie tor oxidising {imposes (6(‘l 3O), 

lienee (hlorates are mm h used for oxide u > f purposes in van*us technical 
jirocesscs, in the preparation of d>es, and m < loth pm ting: also large (juantities 
of chlorate arc used in the manulaetme <d explosives and mate lies. The«chicf 
difference between sodium and potassium chlorates i.s the* fat t th#" potassium 
c hlorate is only sparingly ^soluble in cold water, hut readily soluble in hot, so 
that it is easy to obtain this substance in a finely cr\ stalling* and pure condition. 
Sodium chlorate, however, is easily soluble in told water as welt as in hot, and 
so in cold aqueous solution is somewhat eaxiei to use than potassium chlorate, but 
more difficult to manufacture 

Two processes of manti future are in use According to the old process 
chlorine gas is led into •hot milk of lime, anti the difficultly erystallisable calcium 
chlorate thus produced is converted into potassium or sodium chlorate by adding 
e.fCess of KC 1 (or NaU). 

The more recent electrolytic process is bciqg largely worked in the United 
Staits (Niagara halls), Sweden, apd tjie Alps, tvlicre cheap Ifydro-elcctric power 
*is available. lIow*jvf:r, the old process at the time of writing is holding its own 
against these newer processes wiS describe «ea?:h process^n turfl. 

Old Process for Manufacture of ^Chlorates.- Milk* of lime is placed 
in a large iron cylinder provided with a storing apparatus, and^i stream c*f chlorine 
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is led into the liquid. He&t is evolved, and< the liquid spontaneously increases 
its tempersfrire to 4 e°- 5 o° C, when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the equations ' 

(I) 2C1 2 + 2 Ca(OII) a = Ca(OC1)o + CaCl* + 2K 2 0. 

t ’• Calcium Calcium C 

hypochlorite, chloride, 

f . * 

( 2 ) 3 Ca(OCl) s = Ca v Cl (),) 2 *f 2 Ca(X 

Calcium . C; lcium 
chlorate. chloride. 

Or^ expressed in one equation : — 

6 Clo d 6 Ca(OU) a -- ('a(CK),), + 5 C aCU ^ 61 LO. 

Towards the end of the reaction a pink colour appears in the liquid, due to the 
formation of smid*„ quantities of permanganate, owing to th" presence of traces 
of manganese' in the lime. The liquid is now neutralised and filtered, and then 
excess of KC 1 is added, when potassium chlorate is formed and crystallises out : — 

2 KH + Ca(C 10 :)., = 2 KCIO; 1 CiCU 

On t ooling the mother liquors strongly with special lcfrigeiating machines a further 
crop of KCIO 3 separates. The mother liquors are very rich in CaCl„ the technical 
utilisation of which (as in the Weldon and Ammonia-Soda processes one of the 
unsolved problems of chemical industry (see Martin’s “Industrial Chemistry,” 
Vol. II.). 

The potassium chlorate is freed from chloride by recrystallisation. ' The 
preparation of sodium chlorate differs from that of potassium chlorate, owing to 
the fact that it is much more easily soluble in cold water, and thus more difficult 
to sepaiate by crystallisation. 100 parts of cold water at 20 " C. dissolve 7.3 parts 
of KCIO 3 against 99 parts of Na(’10 ;r Hence in this case the procedure is as 
foPows. —To the neutralised and filtered calcium chlorate solution excess of NaCl 
solution is added, and the liquor allowed to evaporate until caUium chloride, CaCL„ 
separates out in a crystalline state. Now Glauber salt (sodium sulphate) is added 
so as to precipitate the rest of the calcium salts in solution ns calcium sulphate: — 

* CiC'L -1 NaySO, - (aSO, 4 2 N.i('l ; ('a('lC), -1 NjoSO, ~ CaSO, + 2Na( , l() J . 

The sodium\hloride and sodium chloiale in the mother liquors are then separated 
by crystallisation, sodium chloiide being much less soluble in water than sodium 
chlorate. 

In jiiaetiee il is found that about seven limes more thimine is net essar) lo produce 1 part of 
]>olassuim chloiatc than the same weight of bleaching powder, l iom the ])reeeding etjuations it will 
be seen that, theoretically, some five-si\ths of the chlonm u-cd passes a wax as the almost worthless 
Cat 'LjJ practical! v considerably more than fixe sixths of the used chlorine is wasted), but the chlorine 
thus abVubed is eomerted into the equivalent amount of .nailable oxygen in the resulting chlorate. 
This i^.t^n fTom the equations : - 

1 2 Cl - 60. 

12 <Vl 6 Ca\OH).. = CafCIO,)., *t- 5 (’aCl., I 61I..0. 

4 Ca(C10 ; ,)o •- CaCL t- 60 . 

Manufacture of Chlorates and Perchlorates by Electrolysis.— When 
an electric current is passefl through a hot aqueous solution of potassium chloride, 
K(d, the current, under certain conditions, can split u\f the water, oxygen being 
evolved at the +pole (anode) and hydrogen at the - pole (H 2 0= H 2 + 0). The 
KC1 also undergoes . decomposition, KOH aid hydrogen being produced at the 
-pole and Cl at the positive pole (KC1 = K + C1; K + H 2 0 --- KOH + H). If, 
however, these different products are not automatically separated as formed, but 
are liberated under such conditions that they can all react together at a temperature, 
of 45 1 oo°. C. 1 , we get the chlorine absorbed by the .KOH formed, forming hypo- 
chlorite (2 KOH + ?C1 = KC10 f KC1 -k H 2 0), and the nascent oxygen also absorbed 
in oxidising the f hypt chlorite to chlorate (KC10 + 2 O = KC10 3 ). Also the hypo- 
chlorite spontaneously decomposes into 1 chlorate (3K0Cl-KC10 g + 2 KCI). It is 
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thus possible, by* carrying out the elactr # oly»s <*f KC 1 solution undej suitable condi- 
tions, to obtain an excellent yield of KC 10 a , the final 1 result being ejjjjressible by 
the equation £— 

KC 1 «+ 3 H 2 0 ^ KCIO;, + 3ll 2 . 

Practically ori\ traces df free oxygen or*chlorine*are evolved. 

Gall and Mootlaux (Switzciiandi were the $r|t (^89-1890) to successfully 
produce chlorates on the large scale by electrolytic processes, and so*!bng ago as 
1900 their factories at? Vallofte and S. Michel wfire Producing sorfu? 3,000-3,500 
tons of chloral^ annually. • * • • # ' 

The fir^f cells of this firm wire provided with diaphragm*, and the alkafine 
cathodic liquors were transferred to'the anodic compartment by special means. At 
the present time, however, the uSe of diaphragms has been given up, and the neutral 
KC 1 solution is simply el£otrolysed, using platinum-iridium ncftgiodes with stirrers 
in tjie cell to bring the chlorine into contact with the KOI1 proflured # at the cathode. 

• • 

The bath is heated by tf le passago*of the cui rent to ovei 40'“ C\ The bath liquors, when con- 
taining sufficient KCIO.,, are renun ed, the KCIO, allowed to crystallise out, and the mother liquors, 
again saturated with KC 1 , :ue«fUowcd to run back into the 
eiecirolyser. # 

In Gibb's Process, as used^at the National 
Electroljtic*V'o., at Niagaia Falls, N.Y., the tell 
consists of a wooden trough lined with lead and 
divided into a number of compartments. Fig. 23 
siTows a longitudinal section through the cell The 
anodic surfaces 11 i&e sheet-lead covered over with 
^platinum foil. The cathodes consist simply of a 
number of copper wires c, fixed vertically in the 
cell by insulating bars o. 1,1 are insulating strips. 

A continuous stream of alkali chloride solution is 
led in through c; to ♦the bottom of the apparatus, 
and tb,e chlorate produced in the cell, together 
with unchanged KC 1 and H gas, escapes through 

the openings h. # 

• 

The temperature of the bath is kept at 70" C'., when 
the brine Hows through the tells at the rate of 2S 1 per hour, 
while tile yield from the eurrenl is^Ik.* 7 " l»r lent, nf 2 Klcctrolvtic Cell 

theoiy. The rui rent density employed annul <'*. to 55 - f ()r (ypp,, lU . ' 

miiperes per squat e met, f- at the anode, the curut going 

through the series of cHls being 1,^50 amperes. 'I he w<<iks • 

at Niagara use 2,000 II. 1 *. fiom the falls. Tlu* escaping hqums must not contain m^re than 30 per 

cent, chlorate per litre. 

# 

In Lederlin and Corbin's Cell (see French Patents, 2 26, 2 57*^ 18*2, and 
238,612, of 1894) a large ifumber of platinum foil electrodes c^Fig. 24), fixed close • 
together in ebonite holders it in a tank of cement, are employed. The hot current 
of alkali chloride solution, entering at o, flows between these cleftrodt^ <?, and so 
is converted into chlorate in the usual way. The solution of chlorates run off at 
q. o and 11 are wooden supports fur the ebonite holders. This apparatus has 
been successfully employed*)# the large scale, and 1ms been working since 1895 
in a number of Continental factories. 

• Since tlu* formation of potassium chloralr takes place according to th^equation : -- 
KC 1 t 3H.O =-- KC 10 4 «4 3 Ho 

(only very little oxygen feeing evolved througl* secondary decomposition of water), ^bout i cub. m. 

* of hydrogen gas is evolved to every i km KC|f) : , produced. , ' , 

Considerable losses of current*msue by the reduction of the hypochlorite formed at first by the 
hydrogen evolved at the cathode, and many proposals have been made n»«ovcrcome this difficulty. 
Thus the addition of 0.2 per cent. CaCl 2 (sc* French Patent, 283,737 ; •ermafl Patent, 159,747, of 
31st May 1904) or the presence of potassium efiffhromale and IIC 1 (se<* german Pattjpts, 110,505, 
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is led into the liquid. He&t is evolved, and the liquid spontaneously increases 
its temperajpire to 4^-50° C?, when the calcium hypochlorite at- first formed is almost 
entirely decomposed into chlorate, according to the^ equations :^-r 

' (i) # 2C1 2 4- 2Ca(OIl)., = Ca^OCl)., 4- CaCL, + 2K 2 0. 

r f ' * Calcium Calcium ® 

hypochlorite, chloride. 

' ( 2 ) 3Ca(OCl), - Ca(C10 ;j )o > zCaCC ' 

f ' * t , Calcium . Okium 

chlorate. chloride. ’ 

Or' expressed in one equation '. — ( e * 

6CL 4 6Ca(()II)o -- Ca(CK).,) a -v sCaCl fl + 61 If). < 

Towards the end of the’reaction a pink colour' appears iiTthe liquid, due to 'the 
formation of smjrffyquantities of permanganate, owing to th* 1 presence of traces 
of manganese' in the lime. The liquid is now neutralised and filtered, and |.hen 
excess of KC1 is added, when potassium chlorate formed /md crystallises out : — * 

2lvb -I ra(C10.)., = 2 KCIO, 4 Ca^l., / 

On cooling the mother liquors strongly with special icfrigerating machines ajurther 
crop of KC10 a separates. The mother liquors are very rich in CaCl a , the technical 
utilisation of which (as in the Weldon and Amazon ia-Soda processes)^ one of the 
unsolved problems of chemical industry (see Martin’s “Industrial Chemistry,’ 
v °l. IT). 

'The potassium chlorate is freed from chloride by reeryst&llisation. 'Tbe 
preparation of sodium chlorate differs from that of potassium chlorate, owing to 
the fact that it is much more easily soluble in cold water, and thus more difficult 
to separate by crystallisation. 100 parts of cold water at 20" 0. dissolve 7.3 parts 
of KC1(>3 against 99 parts of NaC10 ;j . Hem e in this case the procedure is as 
follows : — To the neutralised and filtered calcium chlorate solution excess of NaCl 
solution is added, and the liquor allowed to evaporate until calcium chloride, CaCL, 
separates out in a crystalline slate. Now dauber salt (sodium sulphate) is added 
so as to precipitate the rest of the calcium salts in solution as calcium sulphate: — 

" Carlo -l Na a SC> 4 - CaS<) 4 f iN.iH ; Cat’IO,. -1 Na^SO, ^ (\iS0 4 + 2Na('10... 

r, rhe sodiumMiloride and sodium chlorate in the mother liquors are then separated 
by crystallisation, sodium chloride being much less soluble 1 in water than sodium 
chlorate. * 

In | >1 act in* it is Hund that about seven times more chlorine is neiVssary to produce 1 pari of 
potassium clilotatc than I he sanu weight of bleaching pnwder. Isom the piecedmg equations it will 
be seen that, <he<»retk.ill\ , some five-sixths of the ehlonne used passes :iwa\ as the almost worthless 
C'aC'lgJpMetieall) considerably more than fiu*-si\lhs of the used ehlonne is wasted), but the chlorine 
thus alii abed is conceited into the equivalent amount of axailuble oxygen in the resulting chlorate. 
This i^.tjfin from the equations : — 

fa Cl -- 60. 

12 CS I 6CX0I1)., = Ca(C10..).. -1- sCaCL 4 6II..0 
CatC10j) 2 = CaCL t 60. 

Manufacture of Chlorates and Perchlorates by Electrolysis.-— When 
an electric current is passed through a hot aqueous* solution of potassium chloride, 
Jtp, the cunent, under certain conditions, can split uprthc water, oxygen being 
evolved at the 4- pole (anode) and hydrogen at the - pole (H 2 0= H 2 4- O). The 
KC1 also undergoes < decomposition, KOH aid hydrogen being produced at the 
-pole and Cl at the positive t pole (KC1-K + C1; K 4- H 2 0 = KOH 4- H). If, 
however, these difiCient products are not automatically separated as formed, but 
are liberated under such conditions that they can all react together at a temperature, 
of 45 °- 1 oo°. C. 1 , we get the chlorire absorbed by the ,KOH formed, forming hypo- 
chlorite (2 KOH 4- ?&1 - KCIO f KC1 +, H 2 0), and the nascent oxygen also absorbed 
in oxidising the c hypO chlorite to chlorate^ (KCIO 4- 20~KC10 3 ). Also tl\e hypo- 
chlorite spontaneously decomposes into' chlorate (3K0C1 = KC10 8 + 2KC1). It is 
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thus possible, by* carrying out the elactr # oly«s <$f KC 1 solution und<^ suitable condi- 
tions, to obtain an e?q:ellent yield of KC 10 3 , the final 1 result Jbeing expressible by 
the equation ?— * 

KC 1 *+ 3II0O ^ KOO, + jiiy 

Practically ori^jL traces <jf free oxygen or* chlorineaare evolved. 

Gall and Mo&tlaux (Switzerland} were the 5^(^891890) to successfully 
produce chlorates 01T the large stale by electrolytic processed, and so*lbng ago as 
1900 their factories at* Valloftie and S. Michel wffre producing sorfi£ 3,000-3,500 
tons of chlorate annually. • • # • 

The firSf cells of this firm w£re provided with diaphragm*, and the alkafine 
cathodic liquors were transferred to'the anodic compartment by special means. At 
the present time, however, the uSe of diaphragms has been given up, and the neutral 
KC 1 solution is simply elfiotrolysed, using platinum-iridium net diodes with stirrers 
in tjie cell to bring the chlorine into contact with the KOI I proflueed#at the cathode. 

The bath is heated by Ihe passaguaof the rui rent to over 40''’ C\ The bath 1 if juors, when con- 
taining sufficient 1 CC 10 ;1 , are removed, the KCK)., allowed to crystallise out, and the mother liquors, 
again saturated with KCl, are**ilowed to run back into the 
electrolyser. # 

In Gibbs Process, as used^at the National 
Electrotytic*Yk>., at Niagara Falls, N.Y., the cell 
consists of a wooden trough lined with lead and 
divided into a number of compartments. Fig. 23 
sltows a longitudinal section through the cell The 
anodic surfaces u sheet lead covered over with 
platinum foil. The cathodes consist simply of a 
number of copper wires e, fixed vertically in the 
cell by insulating bars o. k,k are insulating strips. 

A continuous stream ot alkali chloride solution is 
led in through o to #the bottom of the apparatus, 
and the chlorate produced in the cell, together 
with unchanged KCl and H gas, escapes through 
the openings h. 

• 

The temperature of the bath is kept at 70" (\, when 
the bi ine flows through the cells at the rale of 28 1. per huut, 
while the yield from the cut rent is.abmft 70 pm i-ml. of 
theory. The current density emplojed amounts t< 55 
amperes per square met if- at the anode, the current going 
through the series of cHls being 1,650 amperes. The works # 

at Niagara use 2,000 11 . P. from the falls. The escaping liquors must not contain myie than 30 per 
cent, chlorate per litre. 

^ 0 

In Lederlin and Corbin's Cell (see French Patents, 226,257^ 18^2, and 
238,612, of 1894) a large ifumber of platinum foil electrodes c«(Fig. 24), fixed close , 
together in ebonite holders n in a tank of cement, ar_e employed. The hot current 
of alkali chloride solution, entering at o, flows between these ele&rodqjf <?, and so 
is converted into chlorate in the usual way. The solution of chlorates run off at 
Q. G and H are wooden supports for the ebonite holders. This apparatus has 
been successfully employed the large scale, and bus been working since 1895 
in a number of Continental factories. • 



Fig. 2? 


-Gibb’l Elcctiolytic ('ell 
for Chloral e. 


• Since the formation of potassium chloiai; takes place according to th% equation : - 
KCl + 3IU) - KC 10 4 *+ 3IL 

t (only very little oxyggn feeing evolved through secondary decomposition of water), yibout j cub. m. 
of hydrogen gas is evolved to every 1 kc. KC|£) 3 produced. # • 

Considerable losses of current^tnsue by the reduction the hypochlorite formed at first by the 
hydrogen evolved at the cathode, and many proposals have been made nigovercome this difficulty . 
Thus the addition of 0.2 per cent. CaCl 2 (sea French Patent, 283,737 ; 4 crmaR Patent, 159,747, of 
31st May 1904) or the presence of potassium (fiftiromate and HC 1 (see german Pat^pts, 110,505, 
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i < 1 *' 

of 29U1 March 1898, and 136,678*,. of 12th Apr^l 1901) considerably reduce the 'loss, possibly owing 
to the formation on* the cathode of a thin layer of Ca(OII) 2 or Cr(OH) 3 , which acts as a diaphragm 
and preventAthe evolved hydrogen too readily from coming into contict with the hypochlorite 
geaerat^d. When chromate is used tile temperature of the bath is kept c a£ 75 0 C. The United 
Alkali Co. (English Patent, 1,017, 1899) add alumin um salts, Ur clay, or .<dicic acid to the electrolyte 
for the^same purpose; Siemens and Halske (German Patent, 153,859^ Usf 22nd Inarch 1903) add 
fluorides, while the (it* man Solvay WVks (German Patent, 174,128, of nth January 1905) add 
soluble vanadium compounds-, all <}( ydiich processQ, rais/ the current yield of chlorate. 

The sligl* revolution of chlorine at the beginning of the electrolysis m&y be avoided by adding 
KOH to the f la/h, a proems, Inwevcr, which diminishes t ho* yield frpm the 'current employed, 
better yields are obtained by keeping the electronic slightly acid, when the free, hypochlorous acid 
foriped promotes the formation of ylriorat’e according to the equation : — 

KOC 1 + 2UOC1 = IvCIQ.j + 2IICI. 

The current needed for producing one gram-molecule (122.5 g.) — 

*KG 10 ,. - 6 C 1 = ^ - 161 amperes per hour. 

* 60 x 60 ‘ ‘ 

c 

A current of 1 ampere in twenty-four hours can yield 1S.3 g.*KC 10 { . 

«. 

The manufacture of sodium chlorate, NaC10 3 , from # «alt (N 4 CI) is carried out* 
just as the manufacture of KX’IO., from K.C1, but owing to the great solubility of 



NaC10 3 in water a complete separation of the NaC10 3 from the NaCl is only 
attained by repeated recrystallisation. 

Manufacture of Perchlorates. — When the percentage of sodium chloride 
in the*fckctrolytic bath falls below 5 per cent, perchlorate, NaC10 4 is formed, 

1 together with chlorate, NaC10 3 : 

« 1 NaCl +• 4IU) NaCIO, + 4II.,, 

NaCl 4 3II0O = N.iC 10 s + 3IC. 

( 

If the temperature is kept low and the current density small all the chlorate will 
disappear, being converted irfto perchlorate — 

• • t 

. NaClOjj + ILO = NaCIO, + II, 

With 10 per cent. Nad or more in solution perchlorate is not formed in noticeable 
quantities, and also perchlorate i<?*not formed in hot baths. The conditions of 
formation of perchlorate from chlorides, therefore, are dilute seditions of chloride, 
low temperatures, and lotf cunjerpt densities, however, in the manufacture of ° 
perchlorates, usually fiey are not obtained directly fror© chloride solutions, but 
the chloride is coavdVta-J first into chloiate, apd then the chlorate so obtained is 
electrolysed into perchlorate. ‘ 
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Wintellr {Chemiker Zeit . , 189$, 89) ha^ worked o»t in detail the best conditions. Assuming 
that the Solution only contains chlorates, he finfls that these condi^ons are : — (i)*A low temperature 
at anode, (2) anjacid solution at anode, (3) current density, 8-12 amperes per square Jt|ctrc, (4) high 
concentration or the electrolyte, (5)* artificial cooling of the electrodes. ^ 

• Lederlin (German Paftnt, 136,678, of iqoi^adds bichromate to the electrolyte (best by adding 
chromate and ttan^t periodic intervals running in some free 1 1 Cl ). He claims that* this procedure 
greatly incrcases\he yield f>f perchlorate. Wilson (GerHufti Patent, 143,347, of 1902) advises the 
presence of a little free^chlorine in the batii. 

• • . 

Couleru (Ckem. Zf/t., 19 f>6, 30, 2137 states tljat 141c t#ectroivsi£ ,£>1 the IN ad 
solution is continued until a solution cfjfitainin" some 750 g. per litre of sodium 
chlorate, N#C10 3 , is obtained — thereby saving thc*«xpcnse of concentrating .the 
liquid. A trude sodium chlorate .is deposited from this solution, which is then 
rediss lived in wate^, and so 3 solution containing .practically only chlorate is 
obtained, the presence of. chloride or hypochlorite being injutious. This chlorate 
solution is then electrolysed for perchlorate, using platinujn* anodes and iron 
cathodes, the electrolysis being carried out in as .concentrated* a solution of 
chlorate as possible. • • 

Any alkali formed is neutralised, and the bath is fcept between 8° and to° C\, 
a temperature over 25“ C. being very injurious indeed. The temperature is kept 
low eitlvcr by means of cooling coils inserted in the bath, or else the electrodes are 
themselves cooled internally, special refrigerating machines being used for the 
purjjos^ * 

The current density, and also the addition of various substances to the electrolyte, 
doe;* not effect to any great degree the yield, which amounts to 85 per cent, of 
theoretical. Tne electrolysis should be continued until all the chlorate is converted 
into sodium perchlorate, which, being very soluble in water, does not crystallise out. 
'Sodium peichloratc, moreover, is hygroscopic, and so is quite unsuitable for the 
manufacture of explosives and fireworks. It is therefore never isolated as such, 
but is always directly < onverled into the more convenient and non-hygroseopic 
potassium perchlorate, KCIO,, or ammonium perchlorate, NH 4 C10 4 # by 
adding to the content sodium perchlorate solution excess of KC1 or ammonium 
salts (^NIIjCl or NH,NG 3 ), and crystallising out. 

KC1© 4 is pnly sparingly soluble in cold water, 1,000 c.c. cold water merely 
taking up 15 g. KC10 4 , and hot water some 18^-225 g., so that it is very easily 
separated by crystallisation from NaCl, winch is much more soluble uvcold water. # 
r,ooo c.c. cold water dissolves 250 g. ammonium perchlorate, and so the ammonium 
perchlorate is somewhat more .difficult to lie*- from NaCl by crystallisation; how- 
eveiT as the solubility # of the ammonium salt rapidly increases with^thc temperature, 
in practice not much difficulty is experienced m preparing pure ammonium 
perchlorate. * 

The crude salts which crystallise out are washed with a little witter, and are 
obtained easily 99 per cent. pure. They are diied with steam, or hot £i>, at a 
temperature below ioo° C. 

In a wet state the substances are not in any way dangerous ; when rlry, However, and mixed* 
with oxidisable organic matter, they may set up dangerous evprosive ftnnbustioi^ and accidents have 
occurred owing to workmen’s clothing becoming impregnated with the liquors, which have Then dried. 

Considerable amounts of perchlorates are* manufactured for explosives, per- 
chlorates being better adapted for this purpose thar^ chlorates, both on account 
of their greater stability find their higher perct^itage of oxygen. 

• Analysis. — The amount of perchloric syud is not estimable by titration, as the contained oxygen® 

is not active. The amount of metal in the salt is. therefore, obtained in the usual gravimetric 
manner, and so the amount of perchlorate is calculated from this. * 
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BLEACHING POWDER 


When moderately dry 1 slaked lime is treated with chlorine in the cold, it 
some* 35-36 per cent, of chlorine to foim a dry white powder, which 
possesses strong Meaching and disinfecting properties, and is known as “bleaching 
• powder” or “chloride of limed’ These properties arise from its power of giving* 
off the absorbed chlorine again when tieated with acids. Although commercial 
bleaching powder usually contains only 35-36 per cent, “available” chlorine, yet, 
if the temperature of the lime be kept between 30’ (_\ and 40° C., a bleaching 
powder containing some 40 per cent of available chlorine may be obtained, lender 
very special circumstances lime has been known to take up as much as 43.5 
per <?cgt. of “available” chlorine. 'The actual amount of available chlorine 
in bleaching powder depends greatly on the mode of manufacture, its age, etc. 


Tlie following 01 e lypic.il 

•mill) st s ol good bh\ 

idling powder: - 



IVr Cent. 


Per ( ent. 

Available ihlonne 

. 3 ^ 38.3 

llumtna 

0. 3-O.4 

• Chlorine as i blonde 

O.32-O.60 | 

l\ ~ Milanese oxide 

trace 

Chlorine as chloiatt •- 

O.08-O.26 1 

(\i>bonn and 

0.2-0. 5 

Lime 

43 5'44 S | 

St hi a 

0 - 3 - 0- 5 

Magnesia 

0 3.0 4 | 

Water and low 

16.3-17.0 

ferric oxide - 

0.02-0.05 1 




Lunge and Schappe made a Meat lung powder with perfectly pure lime so 
greatest absorption possible of (hluiinc. The sample contained: — 

I’Pr CVut. 


Available 1 hlof me 
Chlorine as 1 blonde 
Lime 
CO., - 

IJ.X) (dirccLestimation) - 


43-LL 
O. 2<7 
39-^9 


O.42 
I 7. CO 


tO*Obtriin the 


IOO.73 


• In 1785 C. L. Berthollet, in Paris, difovered the bleaching action of “Javel water,” produced*, 
by the action of chlorine on potash. Watt brought the news to Glflkgow, and in 1798 Charle* 
Tennant patented a process for use of cheaper lime instead of potash, this patent being sut^ 
sequently declared void because lime hy.d been used foi*the same purpofc in Lancashire for some 
years prior to Tennant’?. patent. It was therefore only natural that the action of t£c chlorine in the 


1 Perfectly dry slaked lime, Ca(@H) 2 , is not adted on at all by chlA-mc. For the best results 
the lime should contain some 4 per ceill. <^f excess water over tlmt required for the formula 
Ca(OH) 2 , and the lime should be as pure as possible. 
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Ca(OH) 2 was thought to be similar in nature to that which occurs when chiorine is led into 
cold KOII or NaOH solutions, when potassium or sodium hypochlorites (KCIO or NaCIO) are 
formed, and so bleaching powder was at first thought to be merely a mixture of CaC 2 and calcium 
hypochlorite, Ca(C10) 2 , produced thus: — 

2Ca(OH) 2 + 2d., = Ca(C10) a + CaCI 2 + 2ILO. 

' Calcium Calcium • 

hypochlorite, chloride. 

However, it sccnis practically certain that ordinary dry bleaching powder does not contain calcium 
hypochlorite, Ca(CiO) a , as such, and the exact constitution of dry bleaching nowder or “chloride of 
lime ” is still a matter of dispute. Balard gave it the formula Ca(OCl) 2 .CaCl 2 + Ca(OH) 2 ; while 
StahPchmidt proposed the formula Ga(OGMOH).CaGo.2lLO. However, the formi ’a now most 
favourably received is that suggested in 1861 by W. Odling, who assumed that the essential 
component of bleaching powder was the compound Cl— Ca — 001, which is mixed with uncombined 
lime, Ca(OIi) 2 . 

Commercial bleaching powder is best represented by such a formi’Ja as Ca(OCl)Cl + w.Ca(OIl) 2 , 
where n — nearly (hat is to say, 2Ca(OCl)CH Ca(OH). 

The formation of the compound Cl — Ca — 0C1 could be regarded as due to the neutralisation of 
lime by a molecule of each of the monobasic acids formed by the action of chlo.ine on moisture 
present in the lime, thus : — 

.Oil HOC! , 0 C\ 

Ca/ -}- =Ca< I 2II..0. 

\)II I IC1 X C1 

It is very probable that Odling’s formula is correct, and that dry bleaching powder doe" not contain 
any calcium chloride as represented by Balard’s and Stahlschmidt’s formula, for the f lloving 
reasons:— (1) The chlorine can be completely expelled from bleaching powder by moist C0 2 at 
70° C., whereas CaCXis not so decomposihle. (2) Good bleaching powder is not deliquescent, as 
it would be if CaCl 2 as such was present in it ; also CaCl a is readily soluble in alcohol, v'.ferea:, 
alcohol extracts very little CaCL from bleaching powder. (3) Bleaching po\ Jcr cannot he made 
1 to take up more than 43.5 per cent, of Cl. 

Although ordinary bleaching powder is regarded as not containing calcium 
hypochlorite, Ca(OCl) 2 , as such, but rather the compound Cl-Ca-O-Cl, yet this 
only, applies to dry bleaching powder. As soon as the bleaching powder js thrown 
into excess of cold water it is decomposed thus : — 

2Ca(OCl)Cl =■ Ca(OCl)o + CaCl 2 . 

Bleaching Calcium Calcium 

powder hypix hlorite. chloride. 

The caiuum hypochlorite, Ca(GO).,, did calcium chloride pass into solution, whilst the unchanged 
valciutn hydroxide forms an insoluble layer at the bottom, the solution possessing an intensely 
alkaline reaction owing to the presence of some dissolved Ca(OH) 2 , which, of cour.sc, is a strong 
base. It lias been suggested that hydrolysis takes place, thus : — 

* Ca((>n) 2 -I HoO - Ca(OII) 2 + II0C1. 

The practical application of bleaching powder depends upon the fact that when 
excess of acid is added to the solution, practically all the chlorine is evolvable 
as free, chlorine, thus : — 

< , * Ca(CK))o + Cad., + 1I 2 S0 4 = 2CaS0 4 1- 2II0O 1 4 C1. 

Ca(C10)j, + CaCIo 4 2IICI = 2CaCL + 2llf> + 4CI. 

It is probable Iliac the liberation of chlorine by acids is due first to the formation of hypochlorous 
acid, HOG, thus : — 

Ca(OCl)Cl H- HC1 = HOG + CaCl 2 . 

The hypochlorous acid formed is* very unstable and decomposes with excess of acid liberating 
chlerne, thus : — 

HOG 4- HC1 = Cl 2 + IIoO. 

.Very dilute acid added to bleaching powder libciates hypochlorous acid, HOG, alone. 

It is the amount of chlorine thus set free, t 5 he “available chlorine” as it is 
called, which determines the technical value for bleaching purposes. 

In bleaching with bleaching pov'der or with sodium or potassium hypochlorite, 
the'fabric is steeped in a dilute aqueous solution of {he bleaching agent, and then 
in dilute acid. Hypochlorous acid, HC1Q, \s liberated as above described, and 
then free chlorine. T,he chlorine acts on* the moisture of the wet fibre, liberating 
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nascent%xygen^H. 2 0 + C 1 2 == 2HC1^ 0 ) which oxidise* the colouring matter* of the 
fibre into a colourless oxidation product, and so “ bleafches ” the fibre. , 

Treating •with £€id in this manner causes a rapid and energetic bleaching action 
to take place. Ho%ever, treating the) fabric with a dilute aqueous solution 1 of 
bleaching powder cadges a moderate ar\d even bleaching action, which is accelerated 
by the action\f atmospheric CO.,.^ * ’ 1 » * 

The bleaching actTt*i of*hypochlorous aci<* is generally stated tft lxjlvviee that,^thc chlorine 
it contains, supposing thjt this hitter .were to be in a frty stele, a? may be horn the two 
equations:— m % % 

U 2 -I H ..0 = 2 'HCI + O; 2 fIO(*l 4S.2IICI 4 - 2 (). 

<• 9 * , > 
However, as* seen from the equation representing the manufacture of bleaching powder or 

hypochlorites (r.g . , 2 Ca(OH ) 2 f 4 Cl = Ca(ClO)., K;ua, 4 - 2 lU). 2KOH + 2CU KOCI t Ktl + 1 I.. 0 ), 
since two atoms of chhfrine are required to form one moleculd of 1 IOC 1 (since an equivalent of 
HCI is formed at the siyne tiutej, this advantage appeals practically to be sdiyewhat illusionarv. 

•Manufacture o£ Bleaching Powder. — For thy manufacture* of good quality 
bleaching powcler theilimc mivt be carefully slaked so as to form a dry powder, 

• containing about 4 per cent, more water than corrcsptftids to the formula (’a(OH),. 
Perfect dry lime •does rfot absorb chlorine at all. The lime should be as pure 
as posable, and is passed through a sieve before use. I'he chlorine gas should he 
cool and dry, anjl carefully free^ from IK'l; it should not contain much CO.,. 
The presence of a little CO«*jn electrolytic 01 Weldon chlorine (which is very 
concentrated) does not matter, because CO., arts on the Cu(OII), much more 
slo\vlv than the chlorine. Generally speaking, 64 parts ol slaked lime yield 
i?o' fmts of 36 per cent, bleaching powder. 

For the manufacture of bleaching powder two kinds ol technical chlorine are 0 
^available — (1 ) ’The very concentrated Weldon or electrolytic chlorine, which acts 
rapidly and energetically on the lime. (2) The very dilute Deacon’s chlorine, which 
acts less energetically. Entirely different plants are used with these two kinds for 
chlorine, and we will describe each separately. » 

1. Manufacture of Bleaching Powder from Concentrated Weldon 
or Electrolytic Chlorine.- -'l’he lime is spread in 3 or 4 in. lajers on the floor 
of a laj^e “clflorine chamber,” some 0 or 7 ft. high, 10-20 ft. wide, and 100 ft. lqpg. 
The walls are made out of Warred or asphalted ftfhdstonc slabs (as] ilia b# being very 
resistant towards chlorine) ; in modern piactice, however, the top and sides artf 
made of sheet lead fastened by straps on timber work, like vitriol chambers. The 
entiance is covered over with rfkphaltcd iron {>’ ites. The layer oftshlorine is raked 
into furrows in order*to expose a larger suifaee, and a stream of chlome is led into 
the chamber from one of the ends of the chamber; an opening in #the other end 
of the chamber allows the air to escape. Two windows allow the ♦nterior to be 
viewed and the flow of chlorine to be turned off as soon as the chamber, is full. 
The outlet is also closed when the chamber is filled with chlorine. *Th(?eJilorine 
enters through a pipe placed at one end near the roof of t]ie chamber* being a 
heavy gas it sinks downwards, and is at first iapidly # absorbed by the lime ; later the 
absorption becomes slow and the temperature rises, but # g*reat cate must* he taken 
that this latter never exceeds 25" (\ Great excess of chlorine should also be 
avoided, and so usually a definite amount of cniorinc is let into the chamber; the 
chamber is closed and altered to stand some twelve to twenty-four hours. In 
order to expose a fresh fhrface the lime is turned over from time to time. Finally, 
before allowing workmen to enter the chamber and remove the bleaching powder^ 
file last residues of chlorine must tie sucked out, either bp passing in a stream o£* 
air, or simply by injecting some finely powdered lime dust (English Patent, 7,199^ 
1886; cf. “Twenty-third Report on. Alkali, eft\, Works,” 58-60), which absorbs- 

* most of the chlorine. 

A chamber making 10 tons «f bleafhing pnwder andtamtaining fail §*\ce.ss of chlorine requires 
some 4-5 cwt. of lime dust blown m,tbrougb a special fan or distnbuU#., This reduces the Cl in 
the chambers to about o.S gr. per cubic jfbot^ producing 6 cwi. of $ara teaching powder, and 
requiring about two hours to settle, before allowing workmen to entgr, the air ofThe chambers- 



46 , CHLQRINB AND CHLORJNE PRODUCES 

r » r { 

(which should be tested by the works’ chemist J shoulcj, not contain more thau 2 \ gr. f of Cl per 
cubic foot. Bleaching powder chambers should have about 200 sq. ft. of chamber space 'per ton 
of bleaching jfywder 'mule per week (see “ Twentv-first Report on Alkali, etc., •VVorks,” p. 12, 
for^rulesj. * ' 

'Che bleaching powder is then packed j^lo very veil-made wooden casks (but 
of hard wood) for transport and storage. / 

The ends art coated with plaster of Paris to prevent access of air, w hich soon spoils the powder ; 
the’ full casks liras/ he storedbn a <s >ol, drv place, both ram and sunshine damaging the material. 



Fh:. 25.- I lasem 'awei’s Cylinder Appaiaus '01 'RUa-d mg Powder. 


The yield of bleac t hing powder is usually •«£ times the weight of the slaked 
lime. 

v t 

^mce the taking ovei and indeed entry of the chlorine ‘chambers by workmen is very injurious 
for the health, ahd has'ofien been attended by fatal accidents, many devices have been proposed and 
adopted for minimising tty risks. In sfnri? forms of apparatn’*- the lime is laid on perforated shelves 
of the chlorine chambers, <*nd the raking of the hall finished ^leachlfhg powder is entirely worked 
from outside by mechamcafl appliances. These plants a do not seem, however, to have been very 
successful. o 1 
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2. ^danuf§cture of Bleaching P9W(Jer from Dilute Deacon Chlorine. 

—The diluted chlorine evcflved from the Deacon prc^ess is not suitable for making 
a good bleachin£ # po\vder from the chamber process above described, and so an 
. entirely different s^t of apparatus is # usually employed, being known, from®the 
name of its mvent^r, as “ Hasenelevcr’s Cylinder Apparatus” (English Patent, 
17,012, 188$). It illustrated in Fig. 25. * • « # 

The apparatus consists of si* or eight cast-iron cylinders, lying vertically one 
above the other, ot length some 12 *0 ft., each provided /frith a feeding worm w, 
which is kepj: revqjfing slowly 'by means of the cog-wheels /. The slaked lime 
is poured in at a into the tophjost cylinder, <lnd iis gradually moved downwards, 
as indicated bv the arrows, from cylinder to cylinder until it*finally escapes 'from 
the bottom cylinder at it. Meaft while the Deacon chlorine, freed as much as 
possible from HC 1 and CO*, is passed at c into tli^ bottom cylinder, and streams 
along in a direction opposite to that of the moving slaked Vine, finally escaping 
af^the topmost cylinder by the pipe i>. The chlorine is all hbsorkvl by the lime, 
and there escapes at i> a practically chlorine-free gas. 'Die bleaching powder is 
let out from n from time to time.into a wooden cask s^uated below. Since chlorine 
gas might attack^the ir<v> work of the spur wheels, the latter are painted with BaSO, 
(Blanc five). Each of the cylinders is provided with a number of lids k,k, which 
can lib removed when the* apjKiratus becomes blocked uj), or when some other 
disturbance neci&sit.iti » the mteiior of the cylinders being investigated 

•Byfthis apparatus no danger results to tin* workmen (as m the chamber pi •- ess), 
because they do not come into contact either with the lime dust or wTu the 
«hl^yie fumc*s. The resulting bleaching powder contains about 36 per cent, of 
available chlorin*. 

% 

The apiKit.it us cannot l.e \oul the |iiih1ik ti<>n of bleaching p-.wdei fmm concent rated 

1 hlonnc, sin h as < horn ihi Wild-m or eUdruIwic piuiewx, hrc.uiM tin* lime would heal 

up lot; qiiukly 

Deacon’s Apparatus r<. nsists of c lumbers provided with large numbers of 
shelves; the lime* is spread m 1 -in. layers on these shelves, and the: chlorine 
allow'd to ( ir< ulate over them m su< h a manner that the strongest ('1 comes into 
contact witli* nearly finished bleaching powder, and the last gas, containing only 
traced of (.'1, is passed into flesh lime. 

> 

Manufacture of Pure Calcium Hypochlorite. Pure calcium hypo 
chlorite, Ca(('K)i,, lias recently Mieen m.i.vilactuivd by the (fiieshemi-Elektron 
Company (German jl’atent, 188,52.}, of 27th \pril igob) by slowly passing chlorine 
gas into a ('old aqueous milk of lime, filtering ine liquid, and evapoiating the still 
alkaline liquid in vacuum when colourless crystals of (‘a(CIO), separate. These 
are washed and dried m vacuo when a dry white powder, free from moisture 
and water ot crystallisation, is obtained in which no less than 80-00 par Vent, of 
the chlorine present is in the form of available c hlorine. It is claimed ¥hat this 
kind of bleaching powder is more stable and keeps better* than that obtained By 
usual methods. I’he crystals, if not rapidly deprived of waiter, lo^e mucl^ chlorine/ 

Accoiding to another patent taken <*ut l»v the same Jinn ((German Patent, 195,896, of 10th March 
1907) if the chlorination he carried out with a concentrated solution ol slaked lime, so that the 
specific gravity of the tillered elution exceeds 1. 15, then we get precipitates of nlouhle compounds 
of lime and calcium hypo^hloifle, of composition (\i( 0 ( , l). i fk , a( 0 H)., and ('a(C 10 ).,. 4 Ca( 0 f 
These insoluble substances require a considerable volume of water to split them up and withhold 
from effective use a considerable amount of available chlorine, causing much of the milkiftess ji 
•the ordinary solutions of bleaching, powders. However, if the passage of chlorine into the hquift 
is continued these compounds are gradually attat ked, the CafOIlL taking up chlojine and being 
converted into Ca(C 10 ) 2 . Hence, in order to prepare* very strong solutions, wj must first of ffll 
add to a chlorinated slaked lime solfltion a weighed quantity of slaked lime, alien a precipitafe 
occurs of the abovt compounds ; then chlorine gas is passed in until the precipitates arc dissolved 
again by the complete chlorination ?)f the? lime. By repeating the njldition'hif lime and leading 
in chlorine again, it is possible to obtain calcium hypochlorite solutions of almost any strength 
until the pure Ca(OC.l) 2 crystals ftegin tcy separate. The presence 'l CaCil* solutions favours the 
crystallisation. * J 
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Valuation of bleaching Powc^r.— For typical analyses of bleachingcpowder 
see p. 43. Bleadhing powdej* is a very unstable substance. II is decomposed by 
atmospheric Vioisture, the carbon dioxide of the air acting as a feeble a^id as above 
indicated (p. 44). It even decomposes slowly when Jiept in a ^elf-stoppered bottle. 
The loss of available chlorine on storage in a cool, dark pl^ce (where it is at a‘ 
minimum) amounts to J per cent, ta \ per cent, per month, tin sunlight the loss is 
much mor£ rapid than rids, apd* is attended with the evolution*- of oxygen. The 
solution is much mofe f unstable than the f dry solid, decomposing on warming 
in two differefitMirections, a^repfescnted b/ the two equations; — 

3 Ca(ClO)a = Ca(C10,) 2 V aCaCl ; Ca(CrO)., = CaCU + 20.* 

It is, of course, very important to determine the amount of “^available” 
chlorine present in a sample of bleaching powder. 

This is done as follows : — t 

<. * t 

A weighed quantity of bleaching powdei is thoroughly ground with water and made up to a 
measured volume by dilution with c water. This solution is then titrated by adding excess of*Ki 
solution. On adding acetic acid, chlorine is liberated from tht^bleaching powder, vfhich sets free its 
equivalent of iodine (('!.,) 2Ki-:jKCl t i.>), which latter i> then titrated in the usual way with 

N 

.starch and sodium thiosulphate. 1,000 c.c. of sodium thiosulphate Med up correspond to 35.5 g. 

of available chlorine present. * 

Another method is to titrate the bleaching powder solution with decinorm.il sodium arsenite 
solution, tin* end of the reaction being determined by means of starch, and lA used as an outside 
indicator. When the titration is complete a drop of the liquid, removed and placed paper 
impregnated with starch and KT, will no longer gne a blue stain. The amount of sodium\»rsenite 
solution used up is related to the amount of bleaching powdei by the following equation : — 

Ca(OCl)('l I Na,AsC.) 4 = Na :{ As<) 1 + (aCL 

r N 

In other words, 1,000 c.c. of - sodium arsenite solution used uji correspond to 35.5 g. of available » 
chlorine. 

In some works, especially in Germany, bleaching liquids are obtained on the 
spot. ‘as required, by passing chlorine gas (evolved from liquid chlorine in steel 
cylinders) directly into milk of lime. Sometimes a solution of bleaching powder 
is treated with solutions of sodium, magnesium, or aluminium sulphates, ewhen 
strong bleaching solutions of sodium hypochlorite, magnesium hypochldVite, or 
aluftmliu.a hypochlorite are obtained. These solutions bleach in alkaline solution 
#otuewhat metre rapidly than bleaching powder (calcium hypochlorite) solution, but 
they cannot be obtained in the solid form (see, however, p. 47). 

Use of Bleaching Powder as a Disinfectant.™- A solution of bleaclWng 
powder is a very valuable disinfectant. One part of bleacAing powder will, in 
three hours, sterilise 2,000 parts of ordinary sewage. 

. Electrolysed brine (see p. 54 ) has been used as a disinfecting fluid. It is claimed that it is 
cheaper (even if produced by the local authoril\) and more effective than.most other materials. 

(( ' < 

Electrolytic Bleaching.- -When an electric current is passed through a 
solution of common salt without the intervention of a diaphragm, so that the liquids 
around thy" cathode and the atlode are free to mix, we do 110L get chlorine gas 
evolved as such, but rather a solution of sodium hypochlorite is produced by the 
interaction of the nascent chlorine 'evolved at the anode and the caustic soda 
produced at the cathode, thus f : — ^ < 

t 2N.1OH * t 2CI - ( MaCl 4 NaOCl + UVJ. 

'This'solution may then be run off immediately and used for bleaching purposes. 

\ Within the last twenty years this method bias largely displaced the use of* 
Reaching ponder in certain works , $nd the process is said to be rapidly extending. 
The process was firsf brought to a com m erc iall y.s uccess f 11 1 issue by Hermite and 
Kellner, and <Jn the Continent the plants most in use are tho?e of Schuckert, * 
Kellner, and Ottfcl. | *• 1 • t 

It is usual to electf^hrse a 10 per cent, neutral salt solution, keeping the liquid 
cool by special arrangements. The best # ele&rodes to use are platinum-iridium 
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(since riypochlowtes attack most oth§r substances rasidly), and /or success it is 
essential that the electric current “ density ” should be about 1^000-1,5,00 amperes 
per square metre Electrode siy-face. At first a yield of hypochlorite of *over 90 per 
cent, is obtainable b)^he electee current employed, but this soon sinks (on account 
of the reducing* acticrti of the evolved hydrogen at the cathode) until it becomes 
impossible, without the expenditu^ of ^very large 'amounts of electrical enfcf^y, to 
obtain solutions cclnjainifig more tilanvj per cent. of'avaiMble chlorine. AVitlr low 
current densities mucji of "the hypochlorite is reduced by trie nas^ejp hydrogen 
evolved at thewcathofie to chloride, NaClQ,+ 2?i = NaCl + H., 0 , wiiiist at the anode 
the NaClOi., tends to oxidise to »aC 10 3 (see p. #). Muck better yields qfe 
obtained when some CaCl., is added to the solution, and when concentrated NaCl 
solutions are used. For example, a 20 per cent. NaGl solution can yield a liquid 
containing 3 per cent." 1 available chlorine, with a yield of 50 per cent, of that 
theoretically obtainable from the current employed, whereas a *10 per cent. NaCl 
solution, with % the same expenditure of current, will only give a liqflid containing 
2 per cent, available 'chlorine. ^However, the concentrated Na( 1 solutions use up 
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more* NaCl than the rpore dilute, and in prat ice it seems to be more economical 
to employ 10 per cent, solutions rather than moie concentrated ones. Moreover, 
careful cooling of the liquid must be resorted to, otherwise a great loss of hypo- 
chlorite results owing to its conversion into < hlorate (see p. 36). 

The subject of the formation and preservation of hypochlorites in solution ms aUtcj^pd by 
Muspratt and Smith in 1S9S and 1899. Bypassing chlorine 11110 the strongest possible solution 
of NaOH, they obtained needle^hapcd eiystals of the formula NaCI0.6I L(). They showed that 
in order to obtain a highly concentrated solution of hypot hlori^c ibe^temperaturc must not exceed 
27 0 C. and alkali must be always present m excess, and be so concentrated thaftmy NaSl formed 
is precipitated (NaCl and KC1 are very insoluble to concentrated NaOH or KOH solutions, see 
p. 24). They showed that solutions containing more than 35 g. available chlorine per 100 c.c. 
will not keep. The presence of uyui salts causes the decomposition of concentrated hypochlorite 
solutions, attended by the cvojplufe of oxygen and the fonnati<% of soluble sodium ferrate; in 
general, other salts did not caule this oxygen solution. . 

Other workers who have investigated tjje subject are Forster and Jorre, Lunge and Landolt 
(sm Joiirn. Pract. Chon., 2, 59, 53; 63, 141); and Sunder {Bull. Soc. hid., Mul house, 72, 255b 
who claims that the decomposition of sodium hypochlonte solutions, whan is occasionally met witl 
when a solution of bleaching powder is decomposed with ypdium carhonate^is due H> the presenci 
of sodium bicarbonate as an impurity, 5 per cent, of bicarbonate sufficing to completely decomposi 
ai solution of NaOCl in the course of twenty-four hours in a planner not yet underwood ; in orde 
to obviate this decomposing action it is necessary that some/ree NaOH solution should be present. 

VVe will now briefly describe some of .,th£ more successful Apparatus in use fo 
producing electrolytic bleaching liquids. 9 
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Kellner’s Process. — This is ©ne the eldest and most successful processes 
(see German Patents, 99,880, 1894, and 104,442, 1896). Tlje electrodes' consist 
of glass pr rfon-conductirjg plates covered over with wirp, bands or strips of platinum- 
iridium alloy. A non-conducting plate *. (Fig. 26) of glas* or similar material 
has it$ surface penetrated by numerous hol/is, a, a, a, a, through which’ fine platinum- 
iridiuilQ. wire is draSvn so that the surface of the plate looks as if ii were covered 
with* a w^re. networj^. aXhc 6 ‘holes are tipn carefully <cem£rtted up with non- 
conducting tnaterial. In some Jorms of thj, apparatus ’ the glass plates are simply 
wound round with platinum wire. 

t The plates so formed arc placed vertically ip a stoneware or glass* trough, side 
by side, as shown in Fig. 26, only a narrow space being left between the successive 
plates. These plates. slide ink) vertical grooves in the sides of the trough, so as to 
divide the cell into a number of compartments. The 'Vhole apparatus is filled 
with NaCl solutioif, and an electric current is led through the liquid by means of 
two conducting plates r>,it, placed at the extreme ends of the apparatus. Fig. 27 
shows a modern form of this electrolytic cell. The brine enters through two inlets 
a y a placed at the bottom bf the vessel, and flows tip between the wire-covered 



Eurieit'idiiuil Sfvtiuii Side Wu 1 llipolai Electrodes 


Fi'.. 27 Modern form of Kollnei's Fkrtiolytu; ('ell. 

platec 0,0,0, which form the electrodes, escaping through the slits $,s in the walls 
of th^Wougb. e,e are the two 'terminal electrodie plates where the current enters 
• and leaves 'the apparatus. The brine flowing up from The bottom of the cell from 
a, a between the wire-covered plates o, 0,0,0 is subjected to the action of an electric 
current * flowing between each pair of plates, and thus a considerable amount of 
hypochlorite is produced. The If? ine used is usually 10 percent. NaCl solution, 
and the drop in the voltage between each two successive plates of the apparatus 
is usually some 5-6 volts ; in the apparatus just inus^ted (in which there are 
twenty cells) the potential difference between the end electrodes e,k is usually 
about no volts, with a current of 120 amperes. One of the intermediate wb;e- 
covered plates of the apparatus requires some 150 m. of platinum-iridium wire of 
? 0.1 mm. diameter, () or 75 m. on “each side of the plate. 

It can be shown that this use of thin vvire gives an extraordinary high current density. if. 

we assume that only half the surface 'of the wire is effective (viz., that facing the opposite electrode 
of a cell), and neglecting the'parts of wire m the gioovcs and other non-effective parts of the plates, 
we will see that the ultlctive surface cariyitg the current of 120 amperes is only 0.1177 sq. ni., 
giving a density oT 1 o, t 2&) am petes pei square fhotre. This high current density is an essential 
condition fqr success in producing hypochloiites.* 
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1 he metnod of using.this electrolytic cell, r.,\, for bleachm" ournoses in tho 

Sr “is sms,"* *»,*? tmX&stszz ss 

Th ■ S *® . <5fe a “>ber 'filled with »“alt through which* a stream of water triekles 
The brine solm.o^thus obtained flo&out at the bottom of the salt holder" through 
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^ filter cloth, and then th.ough a leaden pipe into a tank where it is 
mixed with water m any required volume in order to bring the biine solution 

XZZZSfT -i F - s **Z SSZ 

fill ^ • i ' B> - an ‘’ ° a ta I’ K lf ls from time to time allowed to 

‘ '> T k ’ " hlcl1 contalnh a cooling worm of hard lead fso that the brine in v 



F “- *9— Siemens and IJM-kc’s Apparatus f,„ Electrolytic bleaching. 

force! inh “TJ S *' s V ks lhc l,r "" aloiiguhc pipe’' f 

forces it through the pipe / (the tap c bSng turned so as to'shm off rw..f“ l !" 
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into the bottom of’the electro|yser e, whe/e it rises up, between rht wire-covered 
plates; and, jifter being subjected to the action of the electnc current, flows 
out of the apparatus through the slits s in tfye sides, Jhe liquid^ falling'' back again 
into the tank p. The circulation of brine through the electrolyser k is maintained 
until th£ proper percentage of active chloiine is attained, q when tlje tap c is 
turned so' 1 as to cut off i and tl}p electrolyse: E,^t the same timf opening com- 
munication between tb2 pipes d,d and b. ^'he pump f then jforces the active 
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brine out of the tank p, up through j> into the storage tank /, where it i iuu 
.off, as required, for bleaching purposes. 

A considerable number of firms in the* paper tiade and textile industry use this plant, especially 
in Germany. 

FJaas and Ottel’s apparatus (see the German Patents, 101,296, of 17th May 
1896, and 114,739, of 3rd February 1900) consists of two earthenware vessels, one 
a large one and the other a smaller one a, a, placed within the large vessel just 
below the level of the brine which fills the large vessel. The smaller interior Vessel 
a y a {lumber of wire electrodes, as in the previous system, stretched over a 

number of vertical plates. e t e,e show these electrodes, which arc separated from 
the base of the vessel and the top by non-conducting supports, /,/. e/., are 



the two termyial electrodes through which the current flows. Between each com- 
partment of the intefior vessel a, a iS a small hole /, which maintains communication 
between the tpine in the outer vessel v,v and that in the interior vc-ssel. The action 
is as follows «The current, entering at e { and emerging at flows through the 
successive electrolytic, compartments of the interior Vessel, and the brine is 
electrolysed. Partly Hiving to the rise of temperature produced by the passage of 
the electric current through the liquid, ahd partly owing to the rise of hydrogen 
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bubbles, the brine inside *he successive compartments of the .interior ..vessel becomes 
specifically lighter than the brine in the exterior vessel, and rises up’ to the surface 
between the walV, of thtf opfnpartmf^pts of the interior vessel. Thus a current is 
produced, Qold bripe from outside entering the holes /,/ at the bottom of the interior 
vessel, rising up between the electrolytic plates of the interior vessel, aniescaping 
at the surface*, thus all the ffrinejjn the exterior vessel in time .streams through 
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^taf^terior fessel and is electrolysed. r rhe cooling coil k keeps the brine in the 
exterior vessel a» cool as possible. 

Fig. 31 shows Schuckert’s apparatus, as used by the Siemens-Schuckeit 
Werke. 1 his is also stated to be very successful in practice. The two stoneware 
troughs z 1 and 7, each contain nine cells, each with an electrode of platinum wire 
( + pole) and a graphite ( - ) electrode. The current passes in at h and £omes 
out at the terminaf k, the tension between h and k being about no volts, which, 
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Fig. 33. — Schoop\ Electrolyzer. 


distributed over the eighteen cells, gives a voltage through each cell of 6 volts. 
A 10 per cent. N*aCl solution flows in at a , and passes in a continual stream right 
through the cell, emerging^again^at d, where it passes away. « It isTound advisable 
to add a little CaCl 2 solution agd soqge sodifim rosinate to th^ liquid. After passing 
out from z l the liquid, before entering* the second trough V 2 , flows through an 
intermediate trough k, where it is tfcoroupily cooled, by the cooling coils Represented 
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as dipping into the various compartments of k. The liquid emergirfg at d finally 
contains somer2 per cent, of active chlorine, and for use the liquid is diluted with 
water until it contains som’e o. 2-0.5 P er cenk active phlorine. /TWe apparatus is 
described in the German Patent, 141,724 (1902). 

* I O 1 * 

SchoopG Apparatus, as described in tly? German Patents, 118,450, of 1899, 
and 121,525, of i9oo,cele&rolyses a stream '.bf brine gradually flowing down a 
number ot nbrrow channels, trie Walls of wh ch contain the electrodes, formed 
of fine foil projecting into each chamber (sec Figs. 32, 33). The {irocess is success- 
fully -worked in several works in Germany. / 

Other processes, all of which lia\e been practically voiked with more or less success, are 
described in the German Talents : — . 

K. Kellner, I). K. I\, f 165,486, of 6th November 1002; W. Kother, D.R.P., 180,562, of 
1 5 th August 1905; A. \ ogelsang, D.R.P., 205,110, of qth March 1906 ; '*G. Thiele, D.R.P., 
205,087, of nth J lily 1906 (who adfls to the N.tCl solution some CaCL and an organic sulphur 
compound (not aromatic) of high mc^ccular weight, theieby obtaining a linuid will over 5 per 
cent, active chlorine in it). ‘ r - * 1 

Solid Sodium Hypochlorite, containing 60 per cent, available Cl, and melting at 43 0 C\, 
has been prepared (see Musprait. Jomn. Soc. Limn, hid., 1.903, p. 591. See also p. 49). 

Hypochlorites as Disinfectants. — Like ble.uhmg powder (p. 48) hvj ochlorites can he 
used for disinfecting purposes, a solution containing 10 pet cent, of available chlorine being 
twenty-five times as effective as phenol. 

Recently Dr Dakm and Dr Can el haw used h\ poc hlontes with success 111 treating wounds. 
A solution of sodium hypochlonte, r.irefulk muttalised with bone acid to remove alkah.Vny, und 
to reduce the irritant action of the original solution, vci\ rapidlv dissolves awav neciotic tissues and 
sterilises even veiy badly infected wounds. This cheap and powerful disinfectant is verv easily 
prepared. * 
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CHAPTER VI 

*> * 

^HE MANUFACTURE OF 
HYDROCHLORIC ACJD 

LITKRATUR 1 ? 

• 

Lijnge. — “S ulphuric Acid and Alkali.” 1915. 

T. Meyem — “ Sulfat und Sal/saure.” 1907. 

# F. Hurter.— -J. Soc. Chem^ Ind. , 1 SS5, 639; 1SS7, 707 ; 1S93, 22U 

Lasch e. — angew. Chew . , 1894, 6, 6ro, < f p. (>14. 

* Geoffrey Martin. — “ Industrial Chemistry, ' V«l II. 191s 

• * • • 

Manufactiye 0 l Hydrochloric Acid. —Hydrochloric acid is usually manu- 
fectved by heating two molecular pioportions of salt with one molecular proportion 
of concentrated*sulphurir acid. Usually about half a ton of salt is placed in a larg£ 

► semispherical pan set in brickwork and heated by direct firing. An equal weight of 
concentrated sulphuric acid (1.7 sp. gr.) is added from a leaden cistern, when the 
following action takes place : — 

NjH I- II.SU, - Mai I SO, 4 H('l. 

• 

Abou£ 70 per cent, of the hydrochloric acid escapes through a flue in the dome 
of bfi^kworj^ which covers the pan, and is condensed by water as is described below. 
The hised mass is finally raked into another paTt of the furnace, and is there heated 
to redness, when the actiort is carried to completeness, thus : — ■> 

X.iHSO, + MaH -- Na.,SO, -1 IIC 1 

9 The hydrochloric acid escapes through a separate flue. This is known as 
the Salt Cake Process, and details of the furnaces, etc., arc given fully in 
Martin’s ‘‘Industrial Chemistry,” Vol. IT. • 

The main product is sodium sulphate, the hydrochloric acid being more c^less 
a by-product. * * 0 

The second process of manufacturing hydrochloric acid is known 'as Har- 
greave’s Process, and# consists m passing a mixture of sulphur dioxide, air, arttl 
steam over salt heated to dull redness, when the following action ta^es place : — 

2NaCl -I SO.. + O + H..O == Na»SC) 4 1- I TCI. 

The process is fully described under “.Sodium Sulphate” in “Industrial 
Chemistry,” Vol. II. ^ * 

The hydrochloric aciagas evolved in Lhepnanufacture of sodium sulphate, $ther 
by the salt cake process or the Bargreave’s process, is always absorbed by beinjf 
fed into water. 

* • # 

At one time the acid fumes from the salt cake furnaeffs were allowed tfl escape into the air. In 
spite of enormous chimneys reaching to the height of 450 ft. and more, the neighbourhood of the salt 
cake factories was surrounded by dense clouds of smoke. *The acid vapours in fhe air killed the 
vegetation for miles around the factories, and brought gteut distrei s to mrmers* Consequently, in 
1863 the Alkali Act was passed which makes it compulsory for 95 pe%«ent. # of the escaping acid 
gases to be condensed. The exit ga^es should rrc>t contain more than o.t^rain HC 1 per cubic fool, 
and the total amount of acid gases escaping nugit be less than is equivalent to 4 gra ps of S 0 3 per 
cubic foot,' * 
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This at first caused great expense to the factories, as at th£t time HC1 was an almost worthless 
by-product ; but so<*h the rise* in value of HC 1 for the manufacture of cfilorine and bleaching powder 
made tl^ forcible condensation process an actual source of gain, and at the present*ti^e it is common 
for 99.27 per cent, of the HC1 to be condensed. - * 3 


Fig. 34,* shows a typical plant attached to salt cake furnaces, giving 4800 kg. of 
sodium sulffiiafe per twenty-four hc*yrs. The H £1 ggs escapes from die salt cake 
furnaces a, a a by* means Of tfvo f separate pipes.* One pipe # B* made out of acid- 


HjO 


Tic.. 35. - -Hydrochloric And Rereheis. 



proof earthenware, leads the concentrated and fairly cool HC 1 gas out of the “pan ” 
in a ; while the other pipe p>, leads the hot dilute IU1 gas out of the muffle or 
roasting part of the furnace. 1’his HC 1 gas is dilute and very hot, and so the first 
part of the pipe is made of tarred sandstone. The gases pass into two sandstone 
towers c, c, where they receive a preliminary cooling, and are to a great Extent freed 
fjom dust and sulphuric acid. They then pass through a series of some 50 to 60 
acid “receivers.” 'These are simply large “Woulff’s bottles, " made of acid-proof 



jtoneware, ab^ut 32-37 1 in. high, # connected together by wide fl-shaped pipes, 0 
and arranged as sho&n in two parSllel rows. Ttjey are laid down so that a gentle 
inclination on, slope towards the # furnaces exists, so that a stream ®f water can flow 
through the series in^a direction opposite to thafr of the gases coming from the 
furnace. The holes, 4 >r the water are,well seen in Fig; 35. This water absorbs 
most of the HC 1 , and if run off into the sicte r&eiverS'G^ o. 

In Germany the m<jre efficient Cellarius receivers ha\| come into use of late years. 
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Fig. 36 shows £ typical Cellanus reociver. 'The fjas enteis’at c and escapes at i>, while the 
absorbing water enters by the pipe p, flows over the “saddle” and escapes by the pipe b. Thus 
a much larger abs^rjjtiofl surface is presented to the entering gas. and the Hitter is m$re thoroughly 
mixed with the Water a$d cooled.* ^The wholes vessel is immersed irt tanks filled with. cold water 
•which thus greatly increases the efficiency of the absorption and the strength of acid produced. * 

* s * 1 

I he gases finally escaping from the^ terminal receivers now {toss into absorption 
towers E, Ep where they jjieet a stream*)f descending wat^r which removes fho last ■ 
traces of acid from 1% gas* 1 '* 


U- 


An absor[^|on tower of improved obstruction is shown in Fig. 34. Ir Consists of a series of 
rings of hai?L earthenware, about 1 m. in diameter, set *>ne on' ihe K.ther so as to fbrn»a* 
tower some 15-30 ih. high. The upper part of the tower is filled with co*e, and the lower part 
with stoneware plates or bricks. From the watet tank h a stream of water is sprinkled b\ means 
of a rotating “ spargei ” ouir, the coke and Hows 111 a steady 
stream down the tow'ur. # esrapmg at the bottom into the stone 
ware receivers described above. 

The gas from tlfe* receiver^ enters at j (Fig. 34)* 

,at the bottom of the tower, and escapes at k into • 
a long earthenware tuWnr, which leads the now 
acid free gas awap to the chimney. At 1. samples of 
the acid can be withdrawn and tested. 

4 

Iq, Finland in many works it is the custom lo pass the 
gases evolved from the ^alt cake finnans directly into the 
absorption towers, without the introduction of the elaborate 
systAn %f cooling and absorption \rsstls described ahou. 

These cnnftcnsifl^ often, me some 20-30 m. high, and arc- 
filled with coke or bucks down which a stream of water 
trickles as preuouslv desciibed. The\ are usually built of 
sandstone plates pi e\iously boiled in t ir 01 asphalt, made an 
and water tight with a lute made of tai and clay, and serureh 
bolted together by means of ii m elamps and bars. The aqueous 
acid thus obtained is not quite so strong as that obtained with 
the more elaboiate condensing sWem, bccau.se the gases entei 
the tovjjpr while still hoi. Ihe acid, too, is nunc impure, 
being contaminated with organic mattci, sulnliui dio\nh-, 
sulphuric acid, chlorine, chlorides of iron and ai sonic ,tlie 
latter substances sometimes beiyg present in ronsideiable 
quantities, being derived fiom tfie parties used in making the. 
sulphuric acid used Willim rcn*nt \eais, ac .■i-iesistmg 
materials such as silicon iron al!o\s panlnon, iiotm«\ duriron, 
etc. )* fused silica, at id-proi^f earthenware, etc., him I m. t : . wideU 
introduced in constructional details of acid plant. 



Tilt* main problem now before hydro* hlonV and factories is not, so much the 
condensation of all the IICl fumes, but how to condense them in such a manjjf. r 
as to yield only Strong 1 acid (the only sort saleable), and by th^; methcylinrst 
described the condensation is now so perfect th*t it is possible to recover \ome 
99.27 per cent, of the evtTlved HC 1 , mostly in the Firm of sltrong acid of 2i u B 4 
The strength of the produced aqueous acid depends* upofi the concentration of the 

gas and the temperature at which it enters the absorbing water. # 

• 

For example, a 100 per cent. b\ volume* IICl gas at o' C. gi\es an aqueous acid containing 
45.2 percent, by weight IICl ; wtiile a 5 per tent. IICl gas ugder the* same conditions will only 
yield an aqueous acid containing 36 per rent, by weight 1 1 Cl (2 2° He.), and a 10 per cent. IICl gas 
(by volume) will only yield a 39 per cent, by weight I I # C1 solution (24" Me.). 

As the temperature of the entering gases increases, so also the strength of the obtainable*acid 
decreases. E.&, a 5 per cent, by volume IICl gas at 20° C. will only vield^in aqueous acid containing* 
33 per cent. IICl by weight (2o‘ Me.). , 

The conditions affecting the condensation of IICl hate been described Kit length by F. llurter# 
( /. Soc. Chtm. Ind. % 1885 , 639 ; 1887 , 707 ; 1893 . 22 0) and the reader shofld consult these papers 
for further information (sec also LascJje, Z. am^cw. Chern. ^1894), 6 , 610; j.yngp, same journal, 
p. 615). ‘ ‘ 

The problem of the compete condensation of the HC/£asts evolved in the 
manufacture of salt cake is first of all complicated by tiie fact that these gases 


60 CHLQRIHE’ AND CkLOQZNE PRODUCTS 

( i r C v 

contain very variable amounts of HG1. E.g ., the HQ gases frorfi «Hafgreave’s ana 
the«“open foaster ”• furnaces may contain much less than 10 tper cent by volume 
of HC1. . Secondly, the pooling down ofjthe gases during th^: cbnSfensing process 
is rendered difficult by Jhe fact that when the gas dissolves in water jt evolves muchf 
heat H sp that as the cold absorption water is forced against the current of hot gases 
it rapidly becomes heated, anc[ so does not dissolve the maximum amount possible 
of HC1. However, the introduction of modern pumps made of stoneware, ebonite, 
or acid-renting iron now enables the manufacturers to pump the liquid in a 
continual stream^ through the condensingsystem, and so they can ultimately obtain 
<■ an acid of 20 ° Be. eren out of v,eak HC1 gases, such as are evolved front, Hargreave’s 
process. The introduction of these acid pumps betokens a great advance on the 
old system of manufacture. 

The acid is best e.evated by acid pumps or elevators as described in Martin’s “Industrial 
Chemistry,” Vole II., under Sulphuric Acid. 

The acid is also elevated sometimes in “ emulators,” where it is blcwn mixed with compressed 
air in the form of a froth from one Vessel to another. The oU acid “egg'’ (Fig. 37) still maintains 
its position as a simple acid elevator but is very wasteful compared with “ elevators” and acid pumps, 
Compressed air forced in at c forces the acid contained in. the vessel up the tube ah. 

These “eggs” are sometimes made of strong thick-walled stonewaie, which, however, is 
liable to fracture undei a sudden accidental blow. , 

Casing iron with ebonite is efficient but very costly. Lately there have been placed on the 
market non-corroding iron alloys such as “tantiron,” “ ironac, ’ etc., often made of iron mixed 
with silicon and other components — which are stated to be extremely efficient, as regards theiV non- 
corrodibility and their strength. I*oi IlCl.aq., however, it is always bc. 4 i to use proper acid pumps 
for elevating. ' f * 

Transport and Storage. — The acid is usually transported in large glass 
“carboys” or in stoneware vessels some 1 - ii m. high. Occasionally ebonite- 
lined iron vessels or vessels made of guttapercha have been used. HC1 is now 
being transported in railway lank waggons lined with specially prepared waxed 

WOQd. 

One of the great difficulties of the industry has been the expense of the vessel* necessary for 
storing large quantities of IIC 1 (01 any length of time, all the more so as more hydrochloric acid 
is made than is requited in industry and so the price is low. The cause of tlii£ is the fact that 
there is a great demand for sodium sul } hate, and the accompanying HC 1 simultaneously produced 
more than suffices foi the demand for the acid. 

Where hydiochloric acid is required in places remote from alkali works, it is usually manufactured 
by the action of sulphuric and upon sail in special cast-iron cylinders fitted with sandstone doors. This 
acid is condensed at already described. It is usually m*.ch purei than the acid from alkali ^vorks 
and is known in the tiade as cylinder and m contradistinction to “tbwer” acid which contains 
more sulphuric acid. 

Good commeicial cylinder acid should not contain more than 0.5 per cent, of FLS 0 4 . 

^^Purification of the Acid. — -The purification of the acid from the various 
impb^tios w h*ch it contains (e.g., arsenic, sulphuric acid, SO.,, iron chloride, etc.) 

is usually carried ouLin special factories. % 

*■ 

Arsenic detected by mfeans of Marsh’s test or by adding stannous chloride, 
which produces a dark precipitate yf arsenic. Arsenic may be removed by adding 
stannous chloride, settling the precipitate, and redistilling the liquid. Arsenic-free 
HC1 is best obtained by employing arsenic-free materials to start with, but it is 
often removed technically in great parts by washing the acid with tar oils. Sulphuric 
acid is detected by adding BaCl 2 sokAion to the dilute acid, when a white precipitate 
*of BaS0 4 is produced if it is present. Sulphuric acid is largely eliminated duriri^ 
the process of condensation, but may be completely removed by adding the proper 
* amount of Ba'Cl* ar^d distilling. 

Sulphui tChuxvie, S0 2 , is detected by addiAg zinc to the diluted acid, when 
sulphuretted hydrogen, H 2 S, is given og* and is detectecKiy its blackening effect on 
lead acetate pap£r. frree iodine is found by* adding K1 and starch solution to the 
diluted acid, when a blufc colour is produced. 
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The complete purification oi tne acid iron* these impurities is & matter of great 
difficulty, and where, pure acftDis essential it is easiest ..to start .witfy pure sulphuric 
acid and pure -feltf afid thus gxclude the|foreign impurities.* When chemically pure 
HC 1 is required it is usually distilled in platinum -stills. * 1 

• • 

Technical Uses^of Hydrochloric Acid.*-In Englancf the main use <T concentrated 4iydro- 
chloric acid is for making chfbrinc for the fnani^icture of bleaclnhg powder, chlorates, etc. The acid 
sold is usually 20°-22° , afciite weaker than* this scarcely get^ng^i market, hi Germany and 

also in Great Britain laf^e*quantities of concdhtiwted h^lrocfiloric acid are abs sl-d^n the colour 
industry, metallurgical industries, and for very many minor industrial purptKesl For example, 
dilute IIC1 is^irgeiy used for purifying Coke, iron ores, clay** for regenerating exhausted animal , 
charcoal, for preparing CO a in the aerated water industry, for “pickling” sheet iron in the 
galvanising industry, so as to remove rust a*d leave a clean surface for the zinc to adhere to. Also 
for the manufacture of certain chlorides, in making pottery, and in numerous other things as well. 
One curious application may f»e mentioned, viz. : the making of freezing mixtures of concentrated 
HCl and snow, or sodftafh sulphate. * ' 

The acid is also used in analytical chemistry as a solvent, and for titrating pi.l poses. “Aqua 
regia* — a mixtfire of Upland HNO., -is also made for dissolving gold and making gold chloride, 
which finds considerable use in photography. 

• # • 

Properties of Aqueous HCl. — The pure concentrated aqueous acid is a 
colourless liquid laming strongly in air. One volume of water at o” absorbs 503 
volumes of HCl The following table due to Roscoe and Dittmar ( Jouni 

Chem^ASgc., i860, 128) gives the weight of gas absorbed by 1 g. of wate r at 
different temperatures *— 


ture. 

fJiarns H( 1 
absorbed l>v 

I r. H»0’ 

'1 emp< ra- 
lure. 

Ciiams HCl 
Absinli'.d l.y 

1 g. H^). 

Tempera- 

ture. 

Crams HCl 
Absorbed by 

1 r. H, 0 . 

o° 

0.825 

-4 

- 0.700 

44 " ' 

- O.618 

4 ° - 

- 0. 804 | 

2<S 

- 0.682 

48° - 

- 0.603 

8° - 

- 0.781 1 

3 2 ° - 

- 0.665 

! 52 ‘ - 

0.589 

\2 U 

- 0 . 7'-2 I 

3 0& 

- 0.649 

5 t> 

' O.575 

16 0 

t> 74 2 

40 1 

O.633 

; 60" 

0.561 


2o r 0.721 1 

• m * 

When H (.^dissolves in water, 17,314 calories are evolved per gram-molecule of 
HCl dissolved. The composition of the aqueous acid changes when boiled, 
according to the temperature and pressure employed ; but corresponding to a 
definite pressure a constant boiling mixture of HCl and water is obtained. The 
aqueous acid which boils unchanged at no C. at 760 mm. contains 20.24 per 
cent* HCl (Roscoe anfl Dittmar, loc. at.). A weaker solution when evaporated at 
ordinary pressures concentrates to this strength. A stronger acid loses HCl and 
also attains this strength when evaporated. 

The following table gives the specific gravity of solutions of aqueous hydro- 
chloric acids of given strengths, as given by Lunge and M archie wsk’, (Zeit. an^iw. 
Chem ., 1891, 133)- 
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Specific Gravity of Pure Hydrochloric Aqid Solutions at 15° C. 
‘(Reduced ijj Vacuo), after Lunge and MARCHiiswiia 

»' « I 


* * 'ii 

'Sp.Or‘F| 

l \ 


at * 5 / 4 ° j 

c:. 


I i' J ° Parts by Weigh t*Cor respond to the 
following Amount of Pure Add 
per Cent. 

I— L_ ‘La. ^ 

21 ’ «t| : 

Acid. 




i8 J Nd. 1 0 1 lid. j 11, ‘ Bd.l 
Acid. 1 AcuR 1 1 Acid. 
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I 00 5 
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I.O45 
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T °5S 
1.060 
1 065 
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J 075 
1 080 
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1 oqo 
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1. 100 
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i no 
1,115 

T 920 

1 125 
x. 130 
1 135 
r 140 
1.1425 
1.145 
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1.152 
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1 16 a 
T. 165 
1 T70 

m . 

1 i8f 

1.190 

1 7 95 

:.200 
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j 00 
, ° 7 
! 1.4 
! 2. 1 

! 34 

: d-t 
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! 54 
6 o 
6.7 
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6 4 
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r 3 6 
14 2 
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154 1 

16 o 
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17 1 | 

17 7 ■ 

18 o 

18 3 , 

18 8 

19 o 

r 9 3 
T9.8 

20 o 
20 3 

20 9 

21 o 
2T 4 

22 O 

A 5 

2 3 O 

2 3 5 

24 o 


: 0. 1 6 
I 1 *5 

; 2I| 

! 3 12 

I 4 T3 I 
S' 1 * 

l 6 15! 
I 7-i 5! 
| 8.16 1 
‘ 9 lb ■ 
IO 17 
n 1 8 1 
0 1 


0 57 
4 08 
t 7 60 
Tl.08 
14.67 
18 30 
21 85 
25 40 
28. oq 
3 -’ 55 
3 b M 
39 73 


1 X2 - 1 9 ; 43 32 
’3 7 9 j 49 87 
*4- 17 5° 3 5 
J 5- 161 53.8/ 




5 o 0016 
5 1 0.012 


>’ 21° lid. 32 ° Bd 

o 0049) 0.004710.0041 
0.036 1 0034 10033' 


0.064 1 0.061 
|o 094 I0.089 


0.125 
0 T 57 
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o 220 

r° 2 s 2 

[ o 284 


+5.05 1 42 84 


16 T 5 j 57 39 ; S 3 92 , 50.31 

17 13' 87, <7 19 ' 5^.36 
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20 01 71. 1 1 ; 66 81 1 b2 33 i 50 49 56. 5 

20.97 74 5 2 1 7 ° 01 ! t >5 3 2 1 62.32 50 2 

21 92 77 80 j 73. !Q 1 68 28-1 65.14 t,l Q 

22 86 81.231 76 32, 71 21 68 94 64.6 

,2382, 84.62 I 79 53 1 74 20 70.79 67 4 

24.78 88 06 82 74 j 77 19 73 64 I 7 o o 

! 2 5 75 | 9 i 50! 85 97 j 80. 2 1 I 76 52 72 71 

26.701 94.88' 89 r 5 1 83 18 j 7931 75. 4 
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'28 14 , 100 00 ■ 93 05 ! 87.66 | 8 4 62 7<K 
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0499 | o 469 0.438 0418 o 397 
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o. 579 , o 544 j o 508 O 484 1 0.460 

o 620 | o 582 j 6. 54 4 0518 <i 493 

0660 I 062.' _ - . * 2 0.523 


9.119 
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o 240 ’ 
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10 735 j O 686 j 0.65 j 


0 558 

°- 59 <? 

1 O 622 


31 , 

32 5'i 52,112 01 1105 24 1 08 19 
3210 11407 107 14 ,IOO OO ! 
; 3 » 46 115 46 |ro8 48 ' 101 21 
133 46 , x 18 91 ! 11 T 71 104 24 

33 65:119 58' 1 12 35,104 82 : 
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3911 r 38 9^130 ^8|i2i 84 
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Small quantities df bromine occur in many silver ores, but much greater quantities 
occur .associated toth potassiuqj, magnesium, calcium, sodium, etc., in various 
mineral waters, springs, and in sea water. The waters of the Atlantic Ocean contain 
0.007. cent, Br, while in the Dead Sea 0.42 g. Br per litre is present. 
However, the largest purees (and practically the only technical sources) arc the 
salinp deposits of Stassfurt, which contain about 1 per cent, of magnesium bionnde, 
and the%MHMft^ttings in Ohio, which contain from 3. 4-3.9 per cent, of magnesium 
bromide. 

Manufacture. — The bulk of the bromine placed on the market is made at 
Stassfurt from the mother liquor remaining after the separation of the potassium 
salts contained in the salt deposits (see Martin’s “ Industrial Chemistry,” Vol. I}.). 
The residual mother*liquor contains about 0.25 percent, of bromine in the form 
of majfqpsiuffi bromide, MgBr 2 , from which the bromine is liberated by treating 
with chlorine : A * 

* MgBr, T- CL = MgCL * Br a 

The apparatus now employed at the Eeopoldshall Chemical \\ orks (German 
FateAt, 19,780, of i88t) is shown fli Fig. 38 The bromide-rich* mower liquors 
pour through the pipe a (which has a water seal at w), through a sandstone drum 
b over a perforated plate e, whereby it is uniformly distributed over the whole area 
of a tower a filled with glass or earthenware balls, which expose a large surface arq^ 
to the percolating liquids. I 

A stream of chlorine gas, issuing from the styi p (in modern \forks AhcMtill 
is replaced by a cylinder of»liquid chlorine, which affords better control of the Cl), 
pours through the chamber 11 up the tube d (which is sufficiently wide to allow" 
of the simultaneous passage of the chlorine gas to the tower a, and the%aste liquors 
from a to the chamber b) into a, where it metis with the descending stream of 
bromide-rich liquors. Bromine vapour is set free, which, ascending, escapes by the 
tube 0 through the condenser e, and collects as a liqifbr in tne bottles f, the last 
traces of bromine and chlorine being removed by the vessel g, which contains iron 
filings kept moist by a stream of water. '* 

In order to free the waste liquor flowing away from a completely from all traces 
of bromine and fluorine, it is allowed to flow ijtto the chamVer b. 4 In order to 
escape from b the. liquor must flow over sandstone shelves in tye direction of the 
arrows, and while so doing is subjected to a current of high-pj/ssure ^team blown 
into the apparatus through the pipe c. The chlorine and brefnine* <tre completely 
driven out of the liquid, eSbapipg with tfye excess of steam u^> .the .pipe d into the 
tower’ a. The chlorine and bromine free liquid flows away ^y the pipe /. 
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An improvement on this apparatus Kas been patented by Wiinsche amb^Sauerbrey (German 
Patent, 158,715), the apparatus consisting of cast-iron elements, of hexagonal section, lined with 
stoneware pl&tes and provided with several thousands of specially designed co$tact<bodies resting on 
gratings, the apparatus lieing so arranged that a prefect count© -current is attained? This apparatus 
Requires 0.6 kg. of Cl for every 1 kg. of Br made. Only 3-5 kg. of Br in the fopn of iron bromide 
are necessary for removing the Cl from 100 kg. of the crude Br produced.* -1 
r r . » 4 ( f 

Kvbifcrschky (German Patent, 194,567), has* designed a very efficient plant of 
a somewhat fferenV tyfe (yee^ig. ,39). V his consists l of a tower lined with stone- 
ware and divided into several superimposed compartments, which are provided with 
perforated plaie\ The divisions between the compartments are watefc sealed, so 
that liquids can pafcs, but not gas. The mother liquor, which has been previously 
heated, enters the tower at the top at a, and, in its descent, is met by the chlorine, 



Pie. 3^- — Bromine riant of the Leopold Chemical Works. 
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which is introduced into the lower end c and passes upwards through the tubes, 
which are so arranged that the gas enters each compartment at the upper end, then 
descends, together wich the |iot mother liquor, and enters the vapour pipe leading 
into the next higher compartment, and so forth. Steam is introduced into the 
lo^er compartment, and follows the .same course as the chlorine. By this arrange- 
( ment undercurrents, which arc certain to be formed when a direct upward current 
is used, are avoided ' The bromjne leaves the tower at n, and is condensed in an 
earthenware 1 coil. [ It is then purified in the refining tower, in which it flows down- 
wards into a vessU containing boiling bromine. Most of the chlorine is driven 
off through t*£^» and the purified bromine is syphoned off. 

In some Americaiu^'orks the mother liquors, after the; extraction of sodium chloride, are 
concentrated and distilled with sulphuric acid vmd potassium chlorate in stoneware retorts. The 
liberated bromine is conden< 5 ed in lead condenses and purified by redisti Ration. 
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Manufacture by ElejtrolJrtit Process— In this process mother liquors 
are electroly^d in t>pen vessel*, using carbon electrodes. The magnesium brqmide 
MgBr 2 , is decomposed by* 4he electfi^ current before the magnesiutn chloride. 
The bromine, is thus separated. • • 

Processes have^ beer» devised by Dow, ^Pemsel, Ilopfliei, Wiinsche, l^alinsen, Kossy(Ji, and 
others. Most employ diaphragms to offeet^the separation, %ith the exception of The 

liberated bromjne remains flrtsolved m the ^iquid, # and jpuy b 4 | separated h pr distillation and 
purified. 

• 

Purific&ion. — The crude bromine •thus obtained is ajtvays purified Jjy Tedist illation, small 
quantities of chlorine present being removed by the addition of lerrous brdhiine or calcium bromijje# 
when the chlorine displaces the bromine fymi combination, setting the latte? free. 

Sometimes the liquid is purified without chemicals by fractional distillation (see German Patents, 
174,848 and 205,44s), the*moie volatile portions (1-4 pei cent, of distillate) which contain any 


iA 



Kk,. 39. — Rubierschky’.s Planl for I^omine Manufacture. ' 


Cl or chlorine bromide being collected separately. If anliplrnus* IJr is needed is distilled over 
concentrated H,S() 4 . It I is present this is removed by treating with a la salt? Ca 2 lo being 
precipitated. * 

In the preparation excess of chlorine should be avoided, otherwise much d ilounc bromide is 
formed. * v 

Properties of Bromine.— A heavy, mobile, dark red liquid of sp. gr. 3 °,.i 883 
•at o°C. It freezes to a brown crystalline mass at -7 °(\ Boils at 59° C Tly 
liquid has a disagreeable smell, attacking tli<^ eyes and ive mucous membrane 
of throat and nose. It is poisonous, producing painful sor^j on ihe skin, whic^ # 
are difficult to heal. J 

100 g. of water dissolve 413 g. Br at 0° C.,*and 3.2 C., but it is 

much, more soluble in ojgunic liquids such as Aher, carbon <i|isulpnidc, chloroform, 
acetic acid, etc. It resembles chlorine in* properties, but #s* not* so energetic, and 
is displaced from it§ compounds by chlcfinc. 
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Uses.— -Bromine is used fairly largely in' the colour industry and other 
branches of ft synthetical organic chemistry, also in - metallurgy,* photography, and 
especially jn the manufacture of medicine^ tvhere brpmides add 8ttier derivatives 
of bromine are of considerable value. It is used as a mild oxidising ^gent and also * 
as a disinfectant, it being for tjae latter jfurpose absorbed fa kieselguhr (which 
takes v ftp >5 per cfcnt. of its weight of Br)/and/sold as “ fromum solidification ” 
(German Patent, 21,^44)^ 

Bromide A f I roc, Fe 3 Br 8 , is made at Stassfurf, serving as a raw material for the manufacture 
of sodium or pota&siup bromide. Steel wire and turnings, are treated in a closed stoneftrough with 
fix vapour and steam at «. temperaturfc of 170° C. When the temperature falls to ioo* the brown- 
red solution of Fe 3 Br 8 it run off into transport barrels, whereat is allowed to crystallise. 

Bromine Salt, NaBr 0 3 -f 2NaBr, is made by saturating concentrated NaOH with Br, draining 
off the mother liquor from the resulting solid salt, and adding NaBr 0 3 (elettrolytically prepared) until 
the above composition is^tt^ined. The mixture is then ground and packed ivy kegs. It is used in 
the extraction of gold ores. 

r , f r 

Potassium Bromide, KBr, is made (1) by running a concentrated solution 
of iron bromide (Fe 3 Br 8 , see above) into a hot concentrated solution of K 2 C0 3 , , 
until the resulting liquid is almost neutral, or at most, faintly alkabne. 160 parts of 
iron bromide require 56-60 parts of potassium carbonate. Iron hydroxide is 
precipitated and KBr goes into solution. The liquid is boiled, filtered from 
the precipitated iron hydroxides, evaporated to dryness, lixiviated with sufficient 
water to take up the soluble KBr and leave undissolved the difficultly .soluble 
K 2 S0 4 ; concentrated to 1.53 sp. gr. at a boiling heat, then al lowe/1 to evaporate 
at a very gentle heat, when hard crystals of KBr separate. are 

washed and dried at 4o°-5o° C. (not above). Any chloride in the bromide cannot 
be easily removed, hence the necessity of employing chlorine-free bromine. 0 

Formerly KBr was made by saturating KOH with Br, evaporating with a little 
charcoal to destroy any KBrO s formed (6Br + 6K0II = 5KBr + KBr0 3 + 3^6), 
then lixiviating with water and separating the KBr by crystallisation. 

About 120 tons of KBr are made annually in Germany, and the same amount 
in U.S.A. 

Properties.— White cubes, 100 parts H 2 0, dissolve 62 parts K*Br at ( i5° C. 
M.P. 750° C. Volatilises at higher temperatures. 

Uses.— In photography and in medicine. 

Statistics. — Broirine was first manufactured at Stassf rt in 1865. The following figures show 
the output : — 1865, i£ tons; 1885, 260 tons. 

Considerable quantities are also manufactured in America from the bromine-rich springs in Ohio 
and elsewhere 1 — 1885, 120 tons ; 1902, 230 tons. 
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Iodine (I - 126.9^) i* .1 fairly widely distributed element, occurring, combined with 
meta fs* hi small quantities in the soil, the sea, sea plants, and animals. Certain 
sea plants, especially Uie deep sea weed, Fucus palmatus , possess the power ol coring 
up*i considerable amount of iodine, and from these plants a portion of the iodine 
of to-day t/iA*mcd. The deep sea plants contain more iodine than shallow 
^ea plants. 

Tins is shown by the following table, which gives the percentage ol iodine in the dried plant: — 


('ut weid 1 /-'u, m ft turn 

I10111 * # ' *.¥'/. u/o\ta 

shallow j ,, 1 aratm 

vfalcr ( ,, a\nphyl nodosum 


Drift weed 
from 

deep water 


( l. ami narm digital a (s/an) 

I ,, U/ond) 

| diiiophyila 

\ \anhanna 


Per C< nt. 

O.0S94 
o 001 to u u:i)7 
0.0S56 

1 1<U ( S to O OS 7 - 


o 4535 
0.294b 
o 4777 


Consequently the manufacture ol 10 l ; ne from shallow water weed has been 
largely abandoned in* favour of drfft weed fi >m dee]) water. 

T’he bulk of the iodine of commeice, however, is now derived bom crude Chile 
saltpetre or caliche, NaNO.,. The mother liquors remaining after the NaNO s has 
crystallised out contain 5-20 per cent, of sodium iodate, crude caliche contair.fftg 
0.5 per cent, of iodine. 

t , 

Manufacture of Iodine from Caliche.—' The mother liquor remaining 
after the crystallisation of the sodium nitrate i^ tretfted with sodium bisulphite 
solution, and the iodine separates out in a solid form : — % * 

2NaIO, . sNallSO, - 3\aIlS () 4 ! 2Na.,SO i iJI.O-f L. 

The solid iodine is settled, washed, pressed* into blocks, and purified by 
sublimation in iron retorts, the vapouis condensing in a series of earthenware 
* receivers. ^ 

An account of the* process is given by Newton {jo&nt. Soi. C/teiu^nd., 1903, 22, 469), from 
whose paper the following details are taken • ** 

Sodium bisulphite is prepared by mixing together some 85 parts ,»f impure sodium nitrate, 
r 5 parts of fine coal, and water. Tty. mixture is made intogi conical 1110 ml, surrounded by a trench, 
and ignited. The crude sodium carbonate thus obtained is made into jfsAurJL*! solution, settled in 
an iron tank, and then sulpfcuf dioxide gas is blovyi through the liquid by means of a steam blower. 
The sulphur dioxide gas is madefy burning iTative sulphur on an iro;#]Jlate iti a “ sulphur furnace ” 
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(see Martin’s “Industrial Chemistry,” Vof II., for modern sulphur burners), which consists simply 
of an iron oven with a flue passing from it to the cylindrical tank. r The sulphur dioxide is passed into 
the (jrude sodium carbonate until it is all converted into sodium? bisulphite. The„bisj$phite solution is , 
then run intcf the reservoir tanks, which are placed foot abov* the level < 5 f the large lead-lined (or 
pitch -coated) wooden “ precipitation” tanks, which are about two-thirds filled with the final mother* 
lfouor obtained during the purification of the nitrate, and which contains all the sodium iodate. 
The bisulphite solution is next run inte these “ precipitation ” tanks, thf liquids being thoroughly 
stirred r by means of \Cooden paddlescor by air forced' in through perforated pipes in the* bottom of 
the tank's. Iodine is precipitated according to tHe foregoing equation. It is collected and 
removed, the Iasi traces which leioait. 'after the 1)1,4 k has been removed Wng collected by means 
of a calico bag at th° end of a stick. Tlie iodine is then watei -washed, filter-pressed, and sublimed 
in iron retorts. These consist of h ni/ontal cast-iron cylinders, tapering at one end 1 to a conical 
form. The outlet, which is 6 in. in diameter, is connected to a series of eight or ten ordinary 
earthenware drain pipes (oi aludells similar to those used in the manufacture of iodine from kelp) 
which are luted together by clay. Many different variations of this process have been suggested. 
Sometimes SO a gas is passed directly into the mother liquois, and ar.y iodide, Nal, remaining is 
decomposed by adding chlorine water. Sometimes the iodide — especiall) ir liquors very poor in 
this substance— is directly piecipitated as cuprous iodide, Cu 2 I 2 , by adding CuS 0 4 and FeS 0 4 , the 
Cu.,I 2 is then disolled with Mn 0 2 and 1 I 2 S 0 4 and the I distilled over. Sometime > the Cu.jL is 
heated with N 2 S(J 4 and ferric oxide Gee Get man Patent, 209,501) : — 

CiioL + 6II.,S(> 4 + 2Fe.,() : = L + 2CuSf> 4 4FeS() 4 4 6ll 2 0. 

Electrolytic Iodine- -“Attempts have been made to prepare iodine electrolyti- 
cally (see Rink, (German Patent, 182,298) from the uiliche mother liquors. 

The anodic compartment contains as anode a cathon plate immersed in a concentrated NaCl 
(or halogen salt) solution. The cathode consists of an non plate immersed in a slow-moving stream 
of the liquor lo the electrol) ser. Separating the anodic from the cathodic space is an asbestos cloth 
diaphragm. Undei the influence of the electnc current the iodine ions pass away from the catb >dic 
space to the anode and a»e discharged into the concentrated solution of halogen ~ !t, . 1 !-h possesses 
an extremely highly developed powci of dissolving iodine. The anodic liquois with the iodine 
therein is lun ofl fioin time to time and the iodine expelled theiefrom. If no diaphragm is used fc. 
separating the anodic and cathodic spaces, a pioccss analogous to the Fell process (see p. 21) is 
used, the less dense cathodic liquois being separated fioin the heauer anodic liquors by their 
specific gravit). 

Paikei and Robinson (English Patent, 11,479, 1S8S) place a solution of alkali iodides, acidified 
with sulphuric acid, in an electrolytic cell, which is divided into two compauments by a diaphragm, 
and provided with a caihon 01 platinum anode and an non cathode. An electric current is sent 
through the fluid, and the iodine which is libeiatod at the anode is collected, washed, and dried. 

Manufacture of Iodine from Seaweed. -The seaweed (chiefly La.ninaria 
digitata and L. stenophylla) cast up in the spring after stormy weather on the 
coasts of France and Ireland, Scotland and Japan, is dried in the sun during the 
summer, and is then burnt in large heaps in shallow pits ; the ash 1 may contain 
from o. 1 0.3 per cent, of iodine. 

Since much iodine is lost In volatilisation during this burning pioicss, Stanford, in 1S62, 
subjected the weed to dost 1 urine distillation in 1 losed retorts, the whole of the iodine remaining in 
tl ? ash, while the tar and ammoniacal liquois were also iccovcied llowoei. the cost of plant and 
fuel lendcied the piocess unremuneratiu*. 

Next the ash is lixiviated, air 1 the iodine passes into solution as KI. The 
carbon remaining after the lixiviation of the ash resembles animal charcoal, and is 
used for similar purposes. 

Several piocesses have been worked m wh’ch the plants are not carbonised at all. In one process 
the plants are stated to Ire simply directly lixiviated, the icsidual apparent!) unaltered plants being 
converted into “algin.’’ a gc’utinoux substance used as a substitute for isinglass, bladder skins, etc. 
In another process the plants aie heated with dilute sulphuric acid or other acid; here, again, 
previous carbonisation is avoided, and the residue of seaweed is utilised as manure. Stanford 
heated the weed with NaXO... 

1 There results from, the lixiviation (which is systematically carried out) a con 
centrated solution o r alkali carbonates, sulphates, chlorides, sulphites (traces) 


1 According to- }£r,nest 4 v Dancaster, in this country the telftn kelp is applied to l>oth the weed 
and the ash, although the latter is also vtnowni as kelp ash. Ir France the term varech is 
applied to all seaweed (thti word being allied to 1 our word wrack), and the burnt ashes are known 

as condres de varech. 
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sulphides (traces), bromides, and iodides of the alkali metals s The solution is 
evaporated, and the chlorides, carbonates, and sulphates allowed ?o crystallise out. 
The mother liquors’ then contain the bronjides and iodides. tf Tfcis^iquor is then - * 
worked for iodine by the following processes : — * . 

(i) Excess of H 2 S 0 4 is add^d to decdmpose sulphites afcd sulphide, and after 
remtijdngtany separated crystals, the liquid it rurf into a hemispherical isbn boiler 
mouhfcd in .brickwork tver f a fire, ,and fitted with- a leaden hood .provided with 
a still head (Fig. 41). Mangarfese dioxide, is thrown in, and#wheri the tempera- 
ture reaches ^bout 6o° C. iodine is evolved, and, escaping through th^ still head, 
condenses in arctics of glass or earthenware receivers termed “ucfells.” The 
joints of the apparatus are luted gas-tight by \:lay. The iodine distilling over 
condenses in the earthenware or glass condensers or “ujlells.” When no more 
iodine comes over, the stills are connected with another set*of receivers and WoulfFs 
bottles, and more rfianganese dioxide is added. Bromine is evolved, and is thus 
collected separately from tl*e iodine. The equation representing the charge is 
thus : — r * * 


MnO a + 2NnI -!- 5 ll 2 S 0 4 = C + 2NallS() 4 + MnS 0 4 \- 2ll,,0. 
Mn()., -I 2Na]{r -I 3IL SO, Jlr.,.+ 2NalIS() 4 +*MnS 0 4 # ! 2II0O. 



‘The iodine tfius obtained is impure, containing chloride, bromide, and cyanide 
of iodine. It js purified b) sublimatioq as above described. 

(2) (/thcr processes are to cheat the liquor with sulphuric acid and ferric 
chloride, KeCl 3 , with sulphuric acid and nitric acid, sulphuric acid and chlorate, or 
bichromate, etc. All th£ oxidising agents liberate the iodine from the liquid. 
Sometimes the calculated amount of Cl gas is led into the liquid when iodine is 
precipitated. However, the chlorine must not be in excess, or iodine chloride 
would be formed. * 

When the liquid is very poor in iodine, it may be precipitated as cuprous iodide, 
CuJ 2 , by adding ferrous sulphate arjd copper sulphate to the liquid. From the 
c Cu 2 I 2 the iodine can then be liberated by heating with sulphuric acid and 
manganese dioxide. 

- (3) Occastonallf a process of 'extraction with organic solvents is resorted to. 

Thus, after liberating the iodine by adding sulphuric and nitric acid, the liquid 
is agitated witkfpettdKeum napfittyi or benzol, wh?n the iodine dissolves, and the 
petroleum or benzol leaver of iodine is then separated ftoo the aqueous layer, and 
shaken up witty an aqueous caustic soda, .whereby th§ iodine is fixed as iodide or 
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iodate of sodium^and so is withdrawn from the hydrocarbon. Thte petroleum or 
benzol is drawr^ on, and the iodine is then liberated by HC 1 thus : — 

** *N5l + NalOj + 6IIC1 # = 6NaCl + 3H0O \ 3 L. 

More recently; instead # of using a volatile solvent, the use of vaseline oil (the heavy oil from'’ 
Galician petroleum) has beep used for exLractiqg the iodine. **The liquor containing the iodine is 
treated with*vaseline oil in such a manner that those portions of the liquor liom which riie huHt of 
the iodine has*already been ej*tmcted are "treated with fresh vaseline^ oil, ^luch t^Ves up ftu the 
iodine out of the'hquor*, ^\lso those portions of the vasehrU? enrich^l in iodine come only into 
contact with the v>dine-nch liquors. In this wiTy efficient extraction is secured. * ,, 

Next the is distilled with steam ; the jodme coming over, t^e oil is left IjcIiiik? and used again. 

In general, one ton of carboni&d seaweed yields 10-12 lbs. of-iodine. 

Iodine from Phosphate>— Thiercelin {Bull. Soc. Chcm ., 1874 (2), 22, 435) places a mixture 
of equal quantities of iocjjne-rich phosphate, sulphuric acid, and water in a \at, and keeps the mas^ 
well stirred. The iodine is liberated and passes over into a condensing chanuier. 

• . * 

Purification. — Sommercial. iodine always contryns traces of chlorine and 
bromine, either chemically combined or in solid solution. The purification is 
best effected by dissolving nhe resublinied iodine in a concentrated solution of KI, 
when it dissolves a dark solution, possibly containing the compound KI 3 . On 
adding excess of water the iodine is precipitated, and is washed and dried. The 
dry iodine % is then miixed with solid Kl and slowly sublimed. The sublimate 
consiffts of practically pure iodine. Pure iodide can also be obtained by heat mg 
cuprous iodide, Cu 2 L, t?> about 240" C. in a stream of air. 

Properties.—' Pure iodine is a dark bluish-black, lustrous, crystalline solid. 
Atomic weight of 1 = 126.92; M.l\, n6.i°C. ; P».P., 184.33’; specific gravity of 
solid, 4.933 4° ^ - : vaporises slowly ; very sparingly soluble in cold water. 

#00 vols. of a saturated solution at 25" C. contains only 0.32 g. of iodine. At 
15° C.»i part iodine dissolves in 3,750 parts of water, and in 2,200 at 30’. It is 
much more soluble is a concentration solution of K l (where* it possibly forms the 
component i\I s ), and .also in alcohol, ethet, acetone, chloroform, benzenes, carbon 
disulpffkles, aivj other organic solvents. The tincture of iodine of the Pharmacopeia 
contains $ oz. iodine, ] 0/.. KI, and 1 pint of rectified spirits. Potash or soda at 
once decolorises a solution of. iodine, forming potassium iodide and iodate, thus: — 

31. 4 6KIJO = 5KI Kin. -1 311/). 

With concentrated HNQ 3 iodine is oxidised to iodic acid, HI() S . * 

Test. — Iodine produces a splendid blue colour with starch paste. The blue 
colour disappears on warming the solution, but reappears on cooling. ^ 

Alkali Iodides — (1) In order to produce potassium iodide, KI (or sodium 
iodide, Nal), the usual process is to add iodine in small portions*to hpt Kt)H 
(or NaOH) and evaporated A mixture of potassium iodide,' KI, and potassium 
iodate, KI 0 3 , is obtained (Nal or NaI 0 3 if NaOH is used). T’he mixture is nex*t 
mixed with carbon and ignited, which decomposes all iodate, and the. i^d He is then 
extracted with cold water and crystallised out. Improvements on this method 
of manufacture are suggested jn the German Patent, 138,008^ 

(2) In another process the formation of iodate is prevented by allowing iodine to 
act on alkali in the presence of a reducing substance such as potassium thiosulphate. 
The following change occurs : — 

K5.Ss.O3 + 10KOH + 81 = 8KI -h 2K 2 S0 4 » 5IKO. 

% * 

Sometimes sodium carbonate is used : — 

Na 2 S 2 0 , -1- 5 Na.,C 0 T. + 81 = 8Nal + 2 Na .SOf ’ 

On evaporating, the K,,S 0 4 *oj Na 2 S 0 4 js easily separated crystallisation from 
the much more soluble iodides. 
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Statistics relating to Iodine. — McU of the iodine 'at present produced cgpnes from the mother 
liquors of the sodium nitrate (caliche) works of South America : — e f 

458*. 2 1 tons 
56^.20 ,, 

351-20 „ 

t * 

cfcle alone exported in 1 >34, (j 9,q6 1 Spanish cwt? 1 • * ' 

The amoun\ of iodine produced trom seaweed is small, being principally worked in France, 
Norway, and England. However, in recent years' Japan has begun to make large quantities of 
iodine from seaweed, and if the U.« 3 .A. seriously attempt the recovery of potash frqfti seaweed on 
the Pacific coast on a>- large scale, an important additional source will be added to those existing. 
The following figures give the Japanese export of KI (potassium iodide) in kin (l kin = 1.3 lbs.) 


I&79 

1 ■ ‘ 77*35 tons 

I 1904 * 


1881 

. - 200.06 „ 

1905 


1890 

- 419*74 y t 

| 1906 


1900 # - 

* 30&I3 »* 

l O 



1902 


1903 

22,371. 


1904 

52.012. 


The following statistics relate to the German import and export of iodine : — 



Total Import. 

Imported from 


Year. 

Quantity in 
Tons. 

Value in 
j Million Marks. 

Grcui Britain. 

Japan. 

Chile. 

1890 

13S 

3*7 

77 



41 

1900 

236 

; 5-4 

IIO 

6 

100 

1904 

270 

6.0 

50 

20 

x 170 

1905 

377 

12.8 

60 

•SO 

200 

1906 

297 

: 5*8 



1 

1907 

147 

: 2.65 

27 

17 | 

76 

1 90S 

194 

3*5 

55 

1 i 


112 


The German export of iodine in 1901 was 30 tons. In 1907 it rose lo .J4 tons. 

Germany exports large amounts of finished iodine products, line chemicals containing iodine, 
as shown by the following figures : — 


German Export ok To dink Preparations 


Total Import. 


Year. 

Qua r ntitv 

111 Value 111 

I 

Tons. 

I Million Marks. 

1890 

106 

! 2.9 

1900 

138 

3.0 

1904 

170 

4.2 

*905 

‘ 170 

5*3 

1907 - j 

U 5 

2 f 
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CHAPTER* IK 

TrtE HYDROFLUORIC 'ACID 
INDUSTRY 

.LITERATURE 

Geoffrey Martin* un^ K Dancasier. -“Tin* H.ilogens," forming \’«l. VIII. of 
“Modern fnotganic Chemu»tr).” Edited hv Newton Enend. 1 QTS- 
A. G. Bet i s. — Ving'. and Min. J own., 1907, p. 153. 

Zellnkr. — “ Die kunstlichen Kohlen."’ Berlin, 1903. 

# ... ... 
Aqueous hydrofluoric jcid, HE, is usually obtained by heating calcium fluoride* 

CaF 2# with concentrated sulphuric acid: — CaF a + H 2 SO.,= CaSO, + 2HF. In 
recent y$ars the technical importance of hydrofluoric acid has considerably 
increased, as it is used on a fairly large scale for the purification of artificial 
carbon and graphite, in dyeing, in etching glass, in the brewery, etc., and 
consequently considerable improvements have been effected in the apparatus 
tor preparing this substance. Many factories which prepare acids for use in 
chemical industry havy* their own special plant for producing hydrofluoric acid. 

Manufacture.— Fig. 42 shows a small scale apparatus for preparing Aqueous 
HF. A leadwn retort a, on which a leaden head h is cemented, has placed 



within it a mixture of calcium* fluoride and oil of vitriol. Oil heating the gaseous 
mixture HF is evolved and passes into a leaden receiver c, which contains a vessel 
of water d, best made of platinum, in which the H F condenses. The tube ^seryes 
a* air and gas exit. 

On a large scale, however, it is usual to use iron stills. Fig. 43 shows a large 

scale plant, working according to the Eckelt vacuum process. * * 

a is a semispherical cast-iron pan, somd* 2 m. in diameter, and some 3.5 cm. 
to 4.5 cm. thick. This serve* as the HF geiterator. £)n this stout pan 

rests a hemispherical leadeq lid b. The lead r>f # the semispnerrcal lid is held 

rigid by being soldered # over* a framework* of iron bands# Urhich run together 
to a ring at the top, # to which is f^tenefl a ring d which serves fo lift the lid 
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when necessary. The lid is i eta. thick, and has at the base* a broad 12 cm. 
flange, which fits exactly over the similar flange belonging to the iron pan beneath, 

god which#* forms an air-tight 
joint, the two, flanges being 
securely slumped together by 
strong sc.ew clamps. /■ 

The thin lead sheet is turned 
up on the $ ige e } so as to form 
a sort of trough, *wHch is kept 
filled with running* cold water, 
which serves as a condensing 
arrangement and keeps the 
leaden cover from becoming too 
hot. 

The heat of the furnace be- 
neath might otherwise overheat 
the lead, and cause it to melt. 
The cooling water nows in and 
-o out through SDecial funnels. 

Jg Inside the lid is a protecting 
.0 sheet of lead which runs round 
| the periphery of the inside of the 
lid, and projects over the iron 
•5 pan. 

2 It serves to protect the latter 
o from the cold dilute sulphuric 
5 acid, which keeps condensing on 
| the leaden lid, and would othei 
'I wise run down the cast-iion sur- 
face of the lower pan, and rapidly 
^ corrode it. 

*5 The cast-iron pan is set in 
,2 brickwork in such a manner that 
c it is protected from the direct 
5“ action of the flames. The hot 
| gases come into contact with the 
4? metal at the opening h y and in 
^ order to prevent the cast-iron pan 
£ burning away locally at h y the 
whole cast-iron pan a is turned 
through an angle of 6o° after 
every second charge, by means 
of ron hand grips attached to 
the iron pan. The tendency to 
burn is fairly pronounced, be- 
cause towards the end of the 
operation solid crusts of calcium 
sulphate separate. Some 800- 
900 kg. of fluorspar is placed in 
the iron pan a , then some 1,200- 
1 , 3ookg.of concentrated sulphuric 
acid is run out of a lead-lined 
tank (using compressed air to ex- 
pel the acid) m into the iron pan a. 
The HF vapours escape up the 
leaden tubes s and /, any sulphuric acid simultaneously carried over with the gas being 
condensed in. the coil /, which is immersed in a tank of running cold water, and flows 
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4 , * ' ■> , 1 

back again through the tube u into* the pan a . ^The HF gas escapes and passes 
into the leadegi vessels x,x,x, *which are filled with water and connected together 
%t the bottom. 'jmtvfja sets of three by means of the tubes Each set of three 
vessels is placed in a tank filled with a running strean) of cold water, being^ 
immersed right’ to fye base df their weeks. In the first two of each set of 
three therfubes do not "dip below tfoe surface of the'fyater, so that Ah*) absorption of 
gas in the % water takes 3 pi ape at the surface only. In tfye la^t vessel, hoover, 
the entry tube*/ dip§ pato the water, so that the ga^ha^ to^pass throtlgh the vvater 
before issuing out into the vacuum apparatus. This provision ik necessary in 
order to av^id the necessity fdr <using a very high vachum to work^ di2 condensing 
arrangement. The acid gases escaping finally from the last vessel .v are led into - J 
absorption towers (each about 2 m. •’high by 1 m. diameter), of which the first 
fcontains milk of lime of caustic soda solution, and the second is filled with dry 
slaked lime, placed An wooden gratings. 1 he inside of each .ower is well tarred 
to make it acid-resisting. n '* 

The gases then pass out, fr^p from all acid fumc*^ into the cylinder /, whent e 
by means of the vacuum pump they are forced out int<* the air through a long tube 
if. In general, to, every set of absorption vessels there are two hydrofluoric acid 
generating stills employed, the absorptioh being regulated by the valve at r. It 
takes about forty-ei&ht hours to work off a charge. 


BAt < fc ce Engineering and Mining Journal, 1907. !>• » 53 ) Scribes .moihci pro<vx, winch is 
in use •in various parts of the world. Shallow east-iron pans are provided with lids, which arc 
hermetically sealed by mentis of concentrated sulphuric acid. All the condemns, etc., which 
consist of leaden vesstds, stand totally immersed in water, rile charge is 1,000 Kg. of ground 
fluorspar to 1, ooo-l, 2CS> kg. concentrated sulphuric and ( 66 " Be.). , 

All these methods suffer from the defect that a crust oi calcium ‘•ulph.ite sets on the boib.m ot 
thc%deeoinposiiig pans, causing great difficulties. Several efforts have heen made to oveiomie these 
defects. The proposal of L. Mover (Herman Patent, 142.9.51, 1900) deserves mention. 1 he retort is 
iLxed in a furnace, and the decomposing pan consists of an mm trolley running on wheels, which can 
be moved m or out of the furnace as desired. The fluorspar and sulphimc acid are mixed cold o a 
syrupy mass m this t.olW, winch is then inn into the retort the door shut, and the cl.sli lation 
earned out in the usual w;fv. When the distillation is finished, the door is opened, and tin trolley 
run out. while aether similar trolley, freshlv charged, is run in again. So that neither turf nor heat 
is lost Ijetween the separate c harges. A similar apparatus f,,i making aeeloiu is (lest ril.ed m Martin s 
“ Industrial Cheimstiv,' 5 Vol. I., German Patent, 1 .> 4 , 977 - . . . , • , 

Sodium-br potassium hisulphatc (NallSO,) or (kllSOj may lie used instead ..I sulphunt aud 
in decomposing CaF 2 (see German •Patent, 1 16,848). 


Purification.— Technical hydrofluoricvicid solution invariably contains hydro- 
fluor«ilicic acid, H»Si% derived frtm the Mlira, SiO a , almost invariably present 
in the commercial fluorspar, CaE,, used, it usually corftains, as well, some 
*H.,S0 4 , HC1, SO.,, As, Fe, Pb, Ca, etc., derived from impurities in die materials 
used in the manufacture. 

K. F. Stahl (Zeii. aagnv. Client 1896, 9, 225 ; Journ. Amer. C hem. Soc ., 18, 
4 X 5) gives the composition of the commercial acid as follows 


11 F 
1 I.,SiF tf 
IL,SC) 4 


39.fi- 54. 2 per cent. 
2.7*14-0 * „ 

0.84.0 ,, 


By repeated distillation an acid of constant composition and boiling point may 
be attained (at 75” min. and »i 1 1 ° C. B P. the acid contains* HI* = 43- 2 P e £ cent., 
D 18 =i 138 according to Deussen, Zeit. anorg. Chem , 1906, 49, 207), but the 
pure acid can only be obtained by special chemical treatment, as with distillation 
tfle H 2 SiF 0 simply goes over with the acid. 

Gore (Phil. Trans., 1869, m 1 J»«™- Chc "‘- ^ 7 3<>8) commercial by 

diluting the technical acid until it contains less than per cent. Ill- (with more than this H a S will 
not preapitate lead), passes in excess of H,S (to prer, pirate the Ph, As etc), adds more than enough 
of K.,CO, to combine with all the and II..SO, present (which 'I f t ( ht 

HoSiF fi as K 2 SiF 6 , decants the licuiid, removes any 1I 2 S pr^sgpt, by adding AgXf or AgF or Ag 2 U, 
and then distils from a leadeff retort, leading lfcc vapour through a plat^nn conflenser into waUr 
contained in a platinum basin. 

6 
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The pure :icid must not come into ccfotact with Pl>. * Thorpe and Hambly {Journ. Chon. Soc ., 
1889, 55, 163) treat with KMn 0 4 , then convert the acid ink* KF. I IF by # addfng^KF, and then dry 
this compound and decompose it by heating in a platinum rtftort : — 

KF.HF = KF + II F. 

*■ « ' 

See also Mois^an (Ann. Chen/. IVys., [6], 24 (1891), 224). The jftre acid is now invariably 
prepared hy healing the salt KF.I 1 &'. f ” 

Properties.— I'her acfueetis keid is a highly corrotiivg, dangerous liquid, 
contact pf the< vapour with the eyes and sfcin being highly dangerous. The acid, 
and some of *its salts (e.g., NHjF), are principallyv us'ed for etching glass, acting on 
the SiO.j of glass ^follows , 

4TFF 4 Si() a = 2HX) 1 SiF 4 . 

The SiF, escapes a gas. It is acted on by water thus 
3 Si^ 4 + 3UJ) = ILSiO.j 1 2ILS1IV 

According to W. Wintelcr (Zeit. angew. Chem!, 15, 33, 1902) the density of the 
aqueous acid at 20" C. is given by the following table ,, ’ - * 





* 

# ■ — — 

■" 

Pet Cent. I IF. ■ 

Sj). (it. 

lie. 

Per Cent. HF. 

S|>. (jir. j 

0 lie. 

. « 

1 

I.OOJ 

0.5 

26 

* 1.092 

12.0 

2 

1.007 

1.0 

27 

1.095 

,12.4 

3 

1.011 

i-5 

2S 

I 09*3 

12.7 

4 

I. OI4 

2.0 

29 

1. 101 

13- * 

5 

I.OlS 

2-5 

3° 

1. 104 

13.4 " 

0 

1.02; , 

3-« 

3* 

1. 10b 

13 7 

7 

J.027 ! 

3-5 

3 2 

1. 109 

14.1 

8 

1.030 

4.0 

33 

1 . 1 1 2 

14.4 

9 

I 035 

4.5 

1 34 

VM | 

147 

* 10 

i 03S 

5-o 

3S 

1.1*7 : 

15.0 

1 i f 

1.0^ 1 

5-5 

, 3 f) i 

1. 120 * 

1 ^ 4 

12 

1.045 

6 0 

37 ; 

1. 122 ; 

15.7 { 

J 3 

1.049 

,6.5 

3« ! 

1.25 ! 

. 16.0 1 

14 

1.0S2 

7.0 

3 ( > 

1.27 

'16.3 ! 

15 

1.055 

7-5 

40 1 

1 . 1 30 

16.5 1 

16 

1.059 

8.0 

41 

1. M 3 • 

i6.s ! 

17 

I.O()2 

8 4 , 

4 2 

1.13b 

17.2 

18 (f- 

1.06b 

8.S 

t 4i 

A 1 • 1 38 

1 7 • 5* 

19 


9-3 

44 

1. 141 

17.8 

20 

1.072 

9.7 

45 

1. 143 : 

18.1 

21 

l.OJb 

10. 1 

4b 

1.146 | 

18.4 1 

22 

1.070 

10.5 

J 7 

1.149 1 

18.7 ! 

2 3 

1.0S2 

10.9 

4S i 

1.152 ; 

19.0 | 

1 * ' 24 fJ 

1.086 

11. 3 • 

49 ; 

i- 154 

I9o 

25 ' 

1.9S0 

#'•7 

! 5° | 

1.157 

•9-5 j 


Eckeit \Chem. Zeit., j 898, 22, 225) gives another table which differs in some 
respects from that given. The density of aqueous HF may be determined by using 
an ebonite pyknomctei with ends which screw' off find on (see Zellner, Monath 
18, 749, 1897). With acids which are not very strong, a simple metal floating 
hydrometer may be used, the metallic surface being painted over with a hard pitch. 

* * ^ 
Storage and Transport. — Large quantities of the aqueous acid may be 
transported i,n vessels of lead (sec* Stahl, Zeit. angew. C/ivm., 1896, 9, 225, and also 
Eckeit, Chem. Zeit ., 1892, 16, 17). IP may also be transported ira cast-iron vessels, 
or glass vessels coated internally with guttaperch#, bakelite, etc. Small quantities 
are usually k^pt *in indiarub^., ebonite, or guttapercha bottles (see Eendikt, 
Chem. Zeit., 7891, <1$, 881). Flasks made of pafarfinF wax or ceresin are also 
suitable. *' 
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9 * , * • 

Uses. — Formerly HF was uffcd almost sotely for glass etching. The glass is 
covered with^ layQr of wax, the portions to be etched being uncovered by removing 
* the wax with* a^shfwp instrugnbnt. Tke acid, when ^tpj^ied ’(either as vapour by 
. gently warming, or else ir\an aqueous solution), leaves a sharp mark. Ammonium 
fluoride in HF solution is also* used for*dull etfching glass. • * * 

Mong recently, however, the importance of HFl^as greatly inore$>ed (^ving^o its 
use in otljer directions ; tg., .considefcible quantities are used for purifying ^itificial 
graphite frofn Sip,*etc. (see Zellner, “Die Kitrtstfiche# Kofden,’* Berlin, 1903). 
In dyeing double fluorides of antimony are widely used as a sunstitut^ for tartar 
emetic. 4 n the spirit and "blowing industry I 1 F fs used extensively on account 
of its antiseptic effect, yeast lining not nearly so sensitive fo # the acid as other* 
organisms, and so the fermentation* proceeds more uniformly when 11 K is used 
(see Martin’s “Industfial Chemistry,” Vol. I., Organic ; also Effront, Bull. Soc. 
Client., 1890, 1 3], 4 * 337). Stahl (Zeit. an gnu. Client , 1896,^), 225) recommends 
the ,use o^a 1-2 per cent. HF solution to open ou( petroleum boras, and also for 
cleaning iron castings from satyl (Si()>), and also ioi gleaning copper articles 

Dilute aqueous IjF has been used for removing the weighting matters from 
*silk (see Keif. f. • Far hem und Tex lichen tie, 1903, 2, 160, 210, 261 ; Cnehm and 
Diirsteler, Far beret. Zdt ., 190^17, 217* Kistenpart, 18 (1907), 273) 



Hydrofluorsilicic Acid, H ,SiF t . — This acid is obtained by leading silica 
tetrafluoride, SiF 4 (which is evolved *by allowing silica to ^ act on HF:-- 
Si(l, + 4HF^=SiF, -1- 2* I./)), into water:- 38 Fj + qH ,<>= H^i(’) 4 F 2I LSiF (J . Gela- 
. tinous silicic acid is simultaneously produced. lI.,SiF„ is thus produced when- 
ever the gases evolved by treating material containing fluorides, with siliceou^ 
materials and concentrated sulphuric acid are led into water. Thus large quantities 
of H.,SiF (J and its salts are obtained as .by-products in the superphosphate 
industry (sec Martin’s “ Industrial Chemistiy,” Vol. II., undet; Manures)# Natural 
and artificial phosphates, ftftcn containing considerable amounts of fluorides apd 
siliceous matter, are in this industry treated w ith •concentrated sulphuric acid in 
order to produce the phosphate in a soluble jjorm, suitable for nianuffffj' purposes. 
The gases thus evolved in the furnaces (which contain SiF„ free I IF, H.,(), C 0 . 4 , 
etc.) are sucked out and ar« led into large condensing “Mens” or chambers (of 
100 cub. m. capacity), best built of pitchpine ana provided with a number of 


dividing walls, against which the gases impinge*, 
rtiense and react according to the equations 


The steam and Si K. 


here con- 

• 9 


3S1F4 + 4II0O - 2lLSiF b 1 «iI 4 Si 0 4 : Silq \ 3ILO = ^HF + ILSiO,; ^IF -i- # SiF 4 - IESiF ( j . 

The gases not* absorbed in the first diamber pass out into another similar 
absorption chamber, in which the gases come pito contact* yith # a spray of cold 
water -(steam does not ^?acf so well with SjF 4 ), aifd the gases not absorbed here 
escape by means of a tall chiflirtey into tl^p air. 
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A more efficient system of ^absorbing the SiF 4 containing gas is tnat 
deviled' by Paul Kestner, Diisseldorf (see Figs. 44, 4£fand 46). .The gases from the 
pan whereih the phosphate #is treated with*H 2 S 0 4 pass by mtaifc £>f the pipe a # 
pito tjie ’space f b. This contains a rapidly rotating .“centrifugaj atomiser” c,. 
which fills r the whole chamber ^witK a fine* spray or' mist of \$ater pstrticles. This 
coole*and# partfialfy absorbs th*T entering gafces, fdiich then*pass*on through the 
“turbfiVatomis£r” e. # Thi# consists o£ a fan- wfieehK, which is Built up of sjnall blades 



Fid. 45. — Superphosphate Den. 


after the manner of a turbine. In the centre of this fan is a rotating “atomjser” 
which ejects a fine spray of water through the rapidly rotating blade^ of the 
surrounding fan wheel k, and thus causes the gas coming from the chamber b 
to be so thoroughly churned up and mixed with water that complete absorption 
of the acid components follow, the escaping gases passing away quite free from acid 
fumes through a chamber f provided with baffles, and so out to the chimney The 



water, falling as drops, flows away from f in the form of a solution of fluorsilicic 
acid, the liquors containing gelatinous silicic acid in suspension. The liquid 
is passed through a filter press and then stirred up with NaCl solution, when there 
separates out a white gelatinous^ precipitate of sodiupi silicofluoride, Na 2 SiF 0 , 
which is produced thus : — 

2 NaCl of H a SiF 6 = NaoSiF 6 ^ 2IICI. 
c v f 

This Na ? SiF 0 , wljejri washed over \vith*eold H 2 0 , ‘dried, and passed through a 
sieve, contains Na 2 SiF\=98.6 per cent, NaCl *^<£7 2, Si0 2 -o,54, H 2 0 = o.i4. 
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It is sold to enamelling workj, and finds some application in the manufacture of 
milk” glass* .# *. 

HfcSiF,, is alsc* obtained as a.by-product when earthenware vessels are treats with HP in order 
to increase their* porosity, high tension steam bdlng afterwards blown through them (s<jp Prior, Z,etr. 
angtiu. Cfym . , 1903* 195* or when graptyte is treated with H Mto free it from Si£> 2 )i See also German 
Patent, 10$, 734 ( 1 898). Tie German Patent, 4 16, 848, described a process for manlfactuftng trw acid. 

Properties.— tH^SiFg is a strong acid: it attaeffrs tlie skin. Whefi concentrated 
it is hygr^copic, and attracts moistute from the air until a certain definite con- 
centration's attained. The* atid, when boiled or^evaporated, ^ofetilises without 
a residue. 

Uses. — The acid n#w finds considerable application as a disinfectant, for deliming 
skins in tanning (Martin’s “Industrial Chemistry,” Vol. I.), mifl in the electrolytic 
precipitation of lead. Its sodium salt is used (see above) in enamelling and in the 
manufacture of “ nylk ” glass. Fluorsilicates (fluates! are now used as a hardening 
agent of certain cements used in building (Martin’s “ industrial Chemistry, Vol. II., 
Artificial .Stone ”). 
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••Peroxides and Peracids 
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CHAPTER "X 

PEROXIDES AND PE RAC IDS 

By G. W. Clough, D.Sc. 

J.— PEROXIDES 

PEROXinK # is an oxide cfontcyning more oxygen, combined with a ceitain weight of an element, 
than is contained in*th« highest basic or acid^ oxide of the element. The true peroxides, or 
superpxides as they^are frequently galled, differ from the “false” peroxides 01 polyoxides in 
that they yield hydrogen peroxide as a product on treatment with excess of watei or a dilute acid. 
Since hydiogen pero^de possesses acid piopertie.s in aqueous solution, the supeioxides may be 
regarded as salts of hydrogen peroxide. In consequence of the ease with which t hey aie converted 
into the parent subslanct^ they find wide application a«> oxidising, bleaching, and disinfecting 
agents. 

, Sodium Peroxide, Na.CX, is manufactured by passing a current of air, 
carefully freed from moisture and carbon dioxide, over slices of sodium resting 
oiT aluminium trays which pass through a tubular iron vessel. The temperature 
maintained at about 300’. The oxidation is effected slowly by applying the 
principle of counter currents ; the fresh sodium comes into contact with air 
poorest in oxygen, whereas the fresh air first passes over the almost completely 
oxidised material (German Patents, 67,094 and 95,063). The hydrate, Na.XX.SH,/.), 
s prepared by mixing sodium peroxide with six to eight times its height of 
powdered ice or snow. 

Properties. — Commercial sodium peroxide is a pale yellow powder containing 
92-98 per cent. Na/X,. It is exceedingly soluble in water, which at the ordinary 
temperature decomposes it, yielding sodfum hydroxide and owgcn. Although 
sodium peroxide only evolves oxygen at * high temperature, it is a vigorous 
( oxidising agent, usually causing organic materials to hurst into fla^ie. An aqueous 
solution (J per cent.) is employed for bleaching textile fabrics, hut in the case of 
animal fibres (silk and wool) the soda formed must be neutralised with dilute 
sulphuric acid. Sodium peroxide is a constituent of some washing powders. 
“Oxone” is compressed sodium peroxide, and “ Oxylith,”«which evolves oxygen 
on treatment with water, is^ compressed mixtuie of sodium peroxide and bleaching 
powder. 

The amount of active ox\gen in sodium peroxide Itaay he ascertained by Heating 1 g. of the 
sample with 15 c.c. water and 2 drops of concentrated cobalt chlondc solution, and measuring the 
oxygen evolved (Arch butt, Jna/y^ 20, 3). 

Barium Peroxide, BaO.„ is manufactured by passing air, freed from carbon 
dioxide and moisture, over barium monoxide? BaO, heated uniformly in retorts at 
5oo°-6oo\ The success of the operation depends on the monoxide being in a 
porous condition. Several methods are in use far the preparation of *hc monoxide 
in a suitable physical state for conversion into peroxide. It may be produced 
(1) by heating barium nitrate (Carman Patent, 128,500); ( 2 ) 4 >y heating at a high 
temperature an intimate rryxture of witherite &nd carbon free •from hydrogen 
(German Patent, 149,805); ($),by heating barium carbonate «or barium hydroxide 
with barium carbide m the absence air{( German Patent*, 135,330’ and 142,051) ; 
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or (4) by heating in an electric furnace barium* sulphate (4 moi%) with carbon 
(5 ato.ms) in the form. of coke (United Barium Co., oFNiagara Falls). • 

* « 1 

In order to obtsfin pure barium peroxid^ from the commercial f>qxluct, the latter is rubbed into 
a^)aste with Abater and is stirred into wcll-cdolcd diltite hydrochloric acid. To the resulting turbid 
liquid baryta is adlled until the precipitation of silifa an§) metallic opines i§ complete. After 
filtratift^, eAcss <* baryta is adder!, when pure hydrated barium peroxide, Ba0 2 .VH 2 0, is 
precipitated, and«.jLibse(p*t;ntly llterid, ^nsh^d, and dried.* • " f * 

• 

Properties. — Technical librium peroxide is a grey mass, whereas^the pure 
compound is a wh#te*powder. *At 700° it evolves Oxygen yielding th£ Monoxide. 
*Barium peroxide is tised for the manufacture^ of hydrogen peroxide, as a bleaching 
agent, and mixed with paraformaldehyde as a disinfectant It is also employed 
for removing organic impurities from sulphuric acid, and ^as an addition t to 
lithophone for preventing that pigment from becoming grey in sunlight (German 
Patent, if) 3, 4^5). 

V - 

Calcium Peroxide, CaCX,, cannot be prepared by heating quicklime in air. # 
Hydrated calcium peroxide is precipitated i;i the form of fine naedtes when aqueous 
hydrogen peroxide is added to lime water. It is aiao preparedly adding a com- 
pressed mixture of sodium peroxide and slaked lime in molecular proportions to 
iced water (German Patents, 128,617 and 132,706). According to Aruerfe&n 
Patent, 847,670, aqueous calcium chloride may be mixed with hydrogen peroxide, 
and the calcium peroxide precipitated by the addition of concentrated ammonia* 

Properties. — Hydrates containing 8, 4, and 2 molecules of water are said to' 
exist. The usual product contains 4H 2 0, and is a yellow crystalline powdtfr, 
sparingly soluble in water, yielding an alkaline solution. Calcium peroxide is used^ 
as a bleaching agent, and is a component of some tooth powders. It mjy be 
employed with sulphuric acid for bleaching cotton seed oH t and for removing 
rancidity from oil. 

Magnesium Peroxide, MgCC, may be obtained by dccomposiAg magnesium 
sulphate with sodium peroxide. A very antiseptic and stable product is produced 
by adding water to a mixture of sodium peroxide ancl magnesium hydroxide (or 
basic carbonate) (German Patent, 107,231). If sodium peroxide and alcohol are 
successively added to aqueous magnesium chloride at 20°, a powder containing 
27 per rent. MgOC is precipitated, whereas if ttfc* precipitation occurs at a very low 
temperature (in a freezing mixture of sal ammoniac and ice) a product containing 
nearly 40 per cent. MgO., is obtained (English Patent, 2,743, 1902). Merck 
prepares “ magnesiumperhydrol '' by treating anhydrous magnesium oxide with 
chemically pure hydrogen peroxide; thp product contains 15-25 per cent. Mg 0 2 
(Geiroan patent, 171,372). 

* Properties. — Magnesium peroxide is a white amorphous powder which is only 
sparingly scribble in water. It finds application as a bleaching agent and as an 
antiseptic (for wounds and skin diseases in the form of ointment). 

• # • 

Zinc Peroxide, XnO.„ i* produced when aqueous solutions of zinc salts are 
decomposed with sodium peroxide, the product having a variable composition 
(ZnO.j +*ZnO). Merck treats anhydrous zinc oxide with hydrogen peroxide ; the« 
product, “Zinc perhydrol,” contains about 50 per cent. Zn 0 2 (German Patent, 
* 7 I > 37 2 )- I ?( ¥ other methods of preparation see German Patents, 141,821 and 

* *5^129. 

t 

Properties*— ZTnc peroxide *is a white or very j>ale yellow powder. It is 
used as an antiseptic ^both in the fc*rm «)f nowden and* ointment), and is also 
serviceable for Srresting bleeding. 
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nyarogen ireroxiae, H 2 0.,, is usually prepared from the cheaper peroxide, 
barium peroxide The barium ‘peroxid^ finely powdered, is added gradually to a 
suitable dilute ' acid, hydrdtnloric acid. In this case the barium ift solution 
i£ subsequently, precipitated «rv*th # sodium jsulphat^, so that after filtration a’so(ption < 
containing hydrogen peroxide and sod i uni chloride i.^ obtained. If 'ddute sulphuric 
acid is employea. instead of hydfochforic acid, after filtering cffflthe insoluble 
barium sulphate, ar> aqueoul Vohitiort of hydrogen flero*idc*is obtained* contacting, 
however, sbme impifrttfcs derived from the barium peroxide. Phosphoric acid is 
also frequeiftly used fbr decomposing the barium peroxide. Well "’ashed carbon 
dioxide maf ^>e passed through cooled water in vjpich finely ppwflered barium 
peroxide is suspended (Merck, <Serman t Patent, 179,771): the ^insoluble barium 
carbonate is separated b^ filtration. 

Ip order to obt^n a pure aqueous solution of hydrogen peroxide, the pure 
hydrated barium peroxide is prepared as previously described* (sec Barium Per- 
OxidC). The moist product is added gradually witlt constant stirrihg to dilute 
sulphuric acid (1 : 5)tnaintained* below io° by the addition of ice. When the acid 
i% neutralised, the mixture is stirred for some hours, allowed to settle and filtered. 
The usual concentration of hydrogen perqxide is 3 per cent, by weight. 

A concentrated solution of hydrogen peroxide inav he ptepaied hy adding sodium pu oxide to 
well^oled dilute sulphuric acid (20 per rent, c.ih'ulated amount). On standing, about two lliiids 
of tne^softiuin sulphate crystallises arid is separated by filtiation. 'I lu filtrate i-, distilled indet 
diminished pressure (Merc£). Merck’s “perhydrol " the so-called too pei c t*nt. In oogen 
peroxide— contains 30 per cent. 1 LO.., one volume of the soluuon >iel Img 100 \olunu s of oxvge. If 
a concentmted solution of hydrogen peroxide he distilled under diminished piessuie, watei distils ovu 
first, and subsequently nearly [>ure Indrogen peroxide (96 pei cent.) distils o\er ; boiling point, 
84-85°/^ mm . or 69*726 mm. Staedel found that on cooling the 96 pei cent, product hy ethu 
andWiquid carbon dioxide (-80"), ei vstalhsatiun oecuned, anti when a line leu*, of this pioduct was 
introduced into the 96 per cent, liquid, pure transparent ciystals of Indrogen peioxide, M.l\ 2\ 
#parated. 

Hycfrogen peroxide may also he manufactured hy the hvdiolysis of permono sulphimc acid in 
the presence of sulphur*^ acid. The hydrogen peroxide ma\ be obtained by distillation under 
reduced pressure or by extraction xx ith a suitable solvent. 

*. * 

Properties. Pure hydrogen peroxide is unstable, sometimes decomposing 
with explosive violence. The dilute aqueous solution, however, is fairly stable, 
but the decomposition (into water and oxygen) is particularly susceptible to catalytic 
influence (colloidal or finely divided metals, especially silver and platinum, carbon, 
iodine, and alkalies). # The solution, however, may be preserved J>y the addition 
of a little acid (phosphoric, tannic, ^md barl ituric acids have heetr recommended). 
.Hydrogen peroxide is an oxidising agent. It is employed for rest < dog pictures, 
the black lead sulphidfe, formed by the action of sulphuretted hydrpgcn on white 
lead, being oxidised to white lead sulphate It liberates iodine from potassium 
iodide in the presence of ferrous sulphate- -- a very delicate test for hydrogen 
peroxide, and distinguishing it from other oxidising agents., Whtfi a sqlutidfi of 
hydrogen peroxide is addcd*to a colourless solutioti of titanium dioxide in sulphuric 
acid an orange or yellow colour is produced. One yart t>f H. in ten million can 
be thus detected. Hydrogen peroxide is widely used as a bleaching rft’ent, and as 
the only products of its decomposition arc water and oxygen, it is serviceable for 
bleaching materials that are*destroycd by acids, alkalies, chlorine, etc. Ostrich 
feathers, bone, ivory, wood, silk, cotton, teeth, and hair are all bleached by hydrogen 
peroxide, aqueous solutions of which constitute “auricome,” “golden hair water,” 
%tc. F or bleaching wool, which is rendered a^ure white and does not subsequently 
become yellow, the wool, after soaking in a dilute solution of sodium silicate, is< 
placed in a peroxide batfl containing sodium sfheate. For veuy delicate materials 
1 vol. of hydrogen peroxide (10 vols.) is diluted with 10 vols. of water. Some 
dentifrices consist of hydrogen peroxide mixed with^jypsum afid starch. 

Hydrogen peroxide is a,constituent of “Saftitas,” and i? extensively used in 
medicine as an antiseptic, b^igg especfajly* valuable in the* treatment of alveolar 
abscesses and scrofulous and syphilij^c so*ss. 
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The concentration of hydrogen peroxide solutions may be ascertained by titration withi 
standard potassium permanganate ^^ = 3.1 6 g. < KMn0 4 4 ner litre ^ in* tty* presence of dilute 

( sulphuric acid ^i 4 c.c. ^ Kftfn0 4 ==.ooi/r g. H 2 O a ^; ( 2 ) by treatment with excess of potas*siutrf 

iodide solution aifi subsequent titration of the liberated iodine with stamjsfrd thiosulphate 

pel cent. 4 solution of hydrogen peroxide on (decomposition yields approximately ten times 
its owi^volume ^f oxygen (“ Vo v«d. pu^pxio’e”). ' * 

( 

( 1 ‘ 

fl.— peraCids and their salts 

e ( 

LITERATURE 

{ T. Slai F.k I’rice. — “ Per- Acids and their Salts.” 1912. 

Per acids and the salts derived from them contain relatively more oxygen than the 
acids and salts bearing the same names without the prefix. f ,The peracids, like the 
peroxides, may be divided into two classes: — (1) The 'true peracids, ‘which may 
either be formed by the action of hydrogen peroxide on the lower acifls or 
produce hydrogen peroxide as a product when decomposed wifh dilute sulphuric 
acid; and (2) the pseudo or false peracids (e.g., perchloric aord) which aye* wot 
related to hydrogen peroxide in this manner. The true peracids and their^ salts 
only are dealt with in this section. r 

Two persulphuric acids are known ; permonosulphuric acid (Caro’s acid),»H.'S 0 5t 
and perdisulphuric acid (usually called persulphuric acid), H 2 S 2 (J 8 . ' 

Persulphuric Acid, H,S,O s , is produced when sulphuric acid (D. 1.35-1.5^ 
electrolysed at low temperatures (5°*io l> ) with a high current density at the anode* 
(Elbs and Schonherr, Zeit. FJektrochem ., I, 417 and 468 ; 2, 245). The current 
density at the anode may be about 100 amperes per squares decimetre. In the 
presence of sulphuric acid, persulphuric acid gradually undergoes hydrolysis to 
Caro’s ac^l, which in turn is further hydrolysed to hydrogen peroxide and sulphuric 
acid. * 

(1) i lsa +- ilo =■ h 2 so s + y a so,. 

(2) ilso., + iu) --■= n..so 4 1 1Y3O0. 

Anhydrous persulphuric acid is prepared by adding anhydrous hydrogen peroxide 
(1 mol.) to chlorosulphonir acid (2 mols.). * 

Properties. — The anhydrous acid is a crystalline solid melting at 65°. The 
^aqueous solution has strong oxidising properties. 

^ermonossilphuric Acid (CaroVacid), 11 , 80 -, may be prepared by treating 
potassiunf persulphate 4 with concentrated sulphuric aci(J, or by the action of con- 
centrated sulphuric acid on concentrated hydrogen peroxide (Baeyer and Villijer, 
Ber., 1900, ?3, 124, S58, and 1^69). The pure anhydrous acid is prepared by the 
gradual addition of the calculated amount of 100 per cent, hydrogen peroxide to 
well-cooled chlorosulph^nic acid, H.XX, + C 1 S 0 :J H — H.,SO fi + HC 1 . 

Properties. — The anhydrous acid is a crystalline solid melting at 45’. The 
aquqous solution is fairly stable, and possesses an odour resembling that of 
bleaching powder. In the presence of sulphuric acid, Caro’s acid undergoes* 
Hiydrolysis to hydrogen peroxide. 'This reaction is used for the manufacture 
fc of hydrogen peroxide, e.g, by distilling a mixture of potassium persulphate with 
sulphuric acid (D. 1.4) under diminished pressure (German Patents, 199,958, 
217,538, 217,539; English Patents, 24,507 (1905), *3, 660 (1910)). 

The best kn6wn*salts of pessiflphuric acid are the # ammonium and potassium 
salts, which were first *p*epared by ManJha^Pin 1891. i^Trath. Chem. Sac., 1891, 59, 
77 x ; Journ . So c. Chem . /«</., 1897, 16, 396). 
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Ammonium .Persulphate, (NH 4 ) 2 S 2 O g , is* prepared by the electrolysis of a 
saturated soludo?i ofc ammonium sulphate at a low temperature. To avoid cathodic 
^eduction a diaphragm is used,) saturated ammonium sulphate solution is’ placed in 
the anodic compartment, apd sulphuric acid (i»: i) in tho cathodic compartment.^ 
The temperature of the anodic 'solution Is maiiltained at about 15“ by a stream of 
water ruling through coils. Tlfe aifode consists ^pf smooth plat’jium ,wire? the 
anodic current de‘n£ity1}eing«5QO-i,9oo t ampere ! » pej squark decijnetre., Crystals of 
ammonium pe*rsulpiwyt« separate at the anode, ana fresh ammoniunj Sulphate must 
be supplied The y^eld is increased by the presence of excess of sulphuric acid, 
and also hy the addition of hydrofluoric acid. Tfte current efjctency is about 
70 pq; cent.* (Elbs , Journ. pr.'JOhem., 1893, 48, *85; Mu fie;' and Schellhaas, 
Zeit. Electrochem ., 1907, 13, 257). Tht? electrolysis may be carried out without a 
diaphragm if # the electrolyte is kept acid, and a high cathodic current density is 
emjAoyed (German Patents, 155,805, 170,311, 1 73>97 7)- * * 

Ptotassium Persulphate, K 2 S 2 0 8 , may be prepared in a similar manner, or 
by the double decomposition o# ammonium persulphate with potassium carbonate. 

• Properties. — Anftnoyium persulphate forms monoclinic crystals and potassium 
persulphate, either sffiall prisms or tabular crystals. The latter salt is only sparingly 
soluble in water (*76 in 100 5 t o°). The dry pcrsulphates are quite stable, but 
their aqueous solutions gradually decompose thus : — 

• * K 2 SoO b \ U.p = 2KI1S0 4 + O. 

The persulphates are Oxidising agents, liberating iodine from potassium iodide, 
oxidising ferrous salts to the ferric condition, etc. Silver salts exercise a marked 
catalytic effect on* the oxidising properties of persulphates. Alkaline as well as 
ac$ solutions of persulphates have bleaching properties. Ammonium persulphate 
is used technically for introducing the hydroxyl group directly into the benzene 
nucleus, e.g., 0 nitrophenol is oxidised in alkaline solution to nitrohydroquinone. 
The afrimonium salt is also used as a density reducer for negatives ; the potassium 
salt, under the name' 11 anthion,” is used as a hypo-eliminator in photography, but 
its us<j appeal * to be open to objections. Many of the alkaloids give colour reaction 
with persulphates, and some of them (e.g., strychnine) are precipitated. ' 

The estimation of pcrsulphates is carried out by hentftig the solution with ferrous sulphate at 
6o°-8o°, and titrating llie excess o> ferrous iron hy means of standard potassium permanganate. 

Perboric Acid has not been prepared in the free state, but sodium perborate, 
NaB0 3 -4H l ,0, is a compound of considerate technical importance, and its prepara- 
tion*^ the" subject of 'many patent. Whe r a 3 per cent, solution of hydrogen 
peroxide (120 parts) is added to a saturated solution of bora* (20 parts) containing 
* sodium hydroxide (4 parts), the resulting solution slowly deposits sodium per- 
borate in a very pure but rather unstable form (Tanatar, Zeit. p/iysikal. Chem., 
1898, 26, 132 ; and 1899, 29, 162). A coarsely crystalline and very stable product 
is obtained by dissolving borax (76.5 partsfand sodium hydroxide ^2 1.6 j>art<^ in 
140 parts of boiling water* and pouring the reciting solution, cooled to about 
6o°, into a 3 per cent, solution of hydrogen peroxide (950 parts). After tBe 
solution has been well stirred, it is cooled to below 10* and allowed eo crystallise 
slowly by standing undisturbed for some hotirs. The crystals are drained and 
washed with ice-cold water. A further crop may be obtained by stirring powdered 
salt into the mother liquor. The yield is 88 per cenf. (Girsewald, German Patent, 
1907, 204,279). 

# A sodium perborate called perborax, Na^ 4 0 8 .ioH 2 0 , is prepared by gmdiihlly 
adding an intimate mixture of boric acid (248 g.) and sodium peroxide (78- g.) to 
well cooled water (2 1 .). . The separated crystalline product, a/ter drying in air, 
contains 4.2 per cent, of active oxygen. V cannot be recrystallised from water, 
the first fraction which separates containing more# active oxygen, and the later 
fraction less active oxygen than the original salt. 

If hydrochloric acid, equi*ilent m amount to«half«he sodium in perbc*a*, is added to an aqueous 
solution of the salt, ordinary sodium perborate separates. 
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Properties. — Sodium perbo&te contains a high proportion o of active oxygen 
(10.4 per cent.). The aqueous solution is distinctlyalkaline, and contains hydrogen 
peroxide. c The salt is only sparingly soluble in witter, but if*k added to dilute 
sulphuric acid', a highly concentrated solution of hydrogen peroxide is obtained. 
The aqueous solution exhibits pxicffsing properties, liberating iodine from potassium 
iodide, oxidish^ ferrous to ferric salts, etc Sddium perborate *is empjoyed as a 
washing and bleaching ifgen.-. ^s ar washing agent it ptftsesles aJI the advantages of 
sodium peroxide, without manf of the disadvantages of that expound. «The older 
“ dry ” soaps consisted of soda, borax, and soap, but most of the modern washing 
powders contain .sodium perborate or “ perborin.” “Perborin M ” is< a mixture 'of 
soap, soda, and sodium perborate ; “ persil ’’ contests of soap, soda, sbdium silicate, 
and sodium perborate; and “clarax” of sodium phosphate, borax, and sodium 
perborate. 

Ammonium Perborate, NHjBOy.JH/), is obtained by adding ammonia to 
a solution of boric acid injiqueous hydrogen peroxide (2.5 per cent.). Barium, 
calcium, strontium, and copper perborates have been prepared, but they are 
unstable. The amount of active oxygen in a perboratp is ascertained by titration 
with standard potassium permanganate in the presence of 'dilute sulphuric acid. 
Another method consists in treating 0.1 g. of the sample with ,vn acidified solution 
of ferrous ammonium sulphate, the excess of which is subsequently titrated with 
titanous chloride ( Journ . Soc. Dyers , 1910, 26, St). ' 

Percarbonic Acid has not been prepared, but the pothssium salt was prepared 
by Constam and Hansen in 1897. » w 

Potassium Percarbonate, KX\O t; , is prepared by the electrolysis of a 
saturated solution of potassium carbonate at - io° to i6 u . When the cmlent 
density is 30-60 amperes per square decimeter, aqueous potassium carbonate 6f 
density T.56 on electrolysis at - io 0 gives a yield of percarbonate equal tq> 85-95 
percent. ( Zeit . Elektrochem ., l 896-7, 3, 137). « 

Properties. — Potassium jicrcarbonate is a pale blue hygroscopic powder, 
which decomposes readily on warming 

K ,((). 1 CO., + o. 

- ■ ° “ t 

It dissolves in ice-cold water with practically no decomposition. Potassium 
percarbonate is an oxidising agent, oxidising lead sulphide to lead sulphate, 
decolorises ind^o, and bleaches cotton, wool,iand silk. It 1 is used as a bleaching 
agent and in photography under the name “Antihypo.” By adding alcohol to a 
solution of sodium carbonate in 3 per cent, hydrogen peroxide, Tanatar obtained 
a product having a composition corresponding with the formula NaoCOpT^HoO. 
This product, however, in many respects differs from true per-salts, and consequently 
sortffe ctyemistfc’ believe it to be sodium carbonate with hydrogen peroxide of 
crystallisation, N a/XL IT/) HtfO. 

w 

Sodiuip Percarbonate, . Na/\,O f5 , is prepared by adding sodium peroxide 
slowly to ice-cold absolute alcohol^ Dry carbon dioxide is then passed into the 
mixture at o°-5° foi some hours. The crystalline mass is separated and washed with 
alcohol and ether. u ^ « 

The preparation of a sodium percarbonate, Na 2 C 0 4 .^H., 0 , from hydrated 
sodjum peroxide and carhon dioxide, is described by Wolffenstein and Peltner 
( Ber ., 1908, 41, 280 ; see also German Patents, 145,746 and 188,569). * 

This product is used as a disinfectant and for the preparation of hydrogen 
peroxide. * * 

Percarbonates arc estimated by treating a" weighed quantity of the sample with dilute sulphuric 
acid, and titratingjjre ljvflrogen peroxitle formed with standard potassium permanganate. 

Salts of several pyher peracids have been prepared, *but at present have no 
technical importance. - * % * 
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magnesium chloride, 9, if) ; *^quid, 
29-^2 ; properties of, 25, 31 ; pumps, 30, 
31 ; stills /or, 4, 5 ; Weldon, 6 ; uses* of, 
3 ; yilld of by electrolysis* 13, 14, 16 
Clamx, 94 

Concentration of alkali liquors, 24 
Contact processes, 7, 8 
Copper chloride, 7, 8 

- sulphate, 7 
Cuprous iodide, 74 
Cut-weed, 7 1 
Cylinder acid, 60 

D 

♦ 7 

Deacon bleaching poArdenapparatus, 47 
1 chlorine, 9, 47 
p— process, 6, 7-1 o 
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Dentifrices, 90, 91 

Diaphragm process of electrolysis, 14 
Disinfectants* 48, 54, 85, 9°>,94 
Drift weed, 71 
IVy soapfi, 94 
Durion, 59 


Eau de Juvel, 3 '•* 

Efficiencies of electrolytic \ £ils, 19 
Eggs, acid, 59, 60 , 

Electrolysis, alkali ^hlopde, 13, 2^; energy 
1 required for, 14 ;«theory of, 13, 14, 16, 
22, 23 

Electrolytic bleaching, 3, 48-54 ; Haas and 
Otters cell, 52, 5 j . Schoop’s cell for, 
54 ; Schuckgrt’s cell for, 53 ; Siemen and 
Halske’s apparatus for, 51 

— cells, efficiencies of, 19 

— chlorine, 3, 1 3-24, 45, 46 

— process, for bromine manufacture, 67 ; 

for chlorates, 36 
Elevators, acid, 60 
Emulsators, 60 

Enamelling, use of Huosilic ales in, 85 
Energy, electrical, required for electrolysis, 
14 

Evaporation of alkali liquors, 24 

F 

Finlay cell, 18, 19 
Floorings, cement for, 10 
Fluates, 85 
Fluor spar, 8 1 
FluorTde, calcium, St 
F luosilicate^sodium, 85 
Fucus pahnulus , 7 1 
Fused electrolyte process, 23 


• * . 

Hydrofluoric acid, 79-83 : manufacture of, 
79-8 1 : properties ofy 82 ; purification 
« of, 8i l specific gjav^tyfof, 82 ; storage, 
82 ; transport, 82 ; useS, 83 
Hydrofluo/sifieic acid, 85 §», 

Hydrogen, compressed, 15, 25 
Hydrogen peroxide^ 91, 9ft • 
Hypofhlorjte,* «alcitfm,.44, 45, 

— potassium, 3 t ' 

— sodium, 49 t K 

rfypochloritps, decontposition of, 44, 45> 47, * 

48 4 ?) ; electrolytic production of, 48-54 ; 

% stability of in solution, 49 ; useras dis- 
infectants, 54 

Hypochlorous aciS, 44, 45, 4*5 


Iodide, cuprous, 74 
potassium, 7p, 75, 76 
• — sodium, 75 * 

, Iodides, alkali, 75 fl 
; Iodine, 71-76; caliche content of, 7b 72; 
electrolytic, 72 ; * manufacture ,/rom 
caliche, 73 ; manufacture from "se* weed, 
1 72 ; manufacture from phosphates, 75 ; 

occui rence of, 71; properties of, 75; 
purification of, 75 ;* seaweed containing, 
; 71, 72; statistics, 76; sulphuric acid 

, containing, 60 ; test for, 75 
! Ions, 13 

1 Iron, protection frpin chloiinc, 47 
1 -- biomide, 68 
I - oxide anodes, 15** 

| Ironac, 59, 60 


j 


Javel water, *41 


G 

Gall-Montaux cell, £7 
Gibb’s cell, 37 
Glass, etching of, 83 
— milk, 85 
(Golden hair watet, 9 1 
Graphite, purification of, 83 
Griesjj^im cell, t.^ 19 

1 • 

. H 

Haas Ottcl’s cell, 52, 53 
Hargreaves- Bird cell, 16, 19, 

Hargreave’s process, 57 

Hasenclever s bleaching powder^ apparatus, 

46, 47 , 

Hvdi ochloi ic acid, 9, 10, 57-61 ; absorption 
b*y \fater, 59 ; agricultural damage* by 
fumes of, 57 ; Alkali Act for, 57 ; arsenii 
in, 60 , condensation of, 57, 5$, 59, 
60 ; exit ^jase * containing, 57, 60 ; 
manufacture of, 57, 60 ; properties of, 6f; 
purification of, (jp, 6*1 ; receivers for, 58 ; 
specific gravity 01* 62 ; storage *of, 60 ; 
sulphur dioxide in, ^ ; sulphuric acid in, f 
60 ; technicafuses of, 6i # ; transport of, 60 


K 

c 

Kellner’s electrolytic cell, 49, 50 
Kelp, 72 


L 


Le Sueur’s cell, 17^ 18 
Lead, electici>tic precipitation of, 85 
Ledcrlin-Corbin cell, 37 
Leopoldshall, 10 

Lime, double compounds with calcium 
hypochlorite, 47 ; foi bleaching powder, 
43. 454 mixing tank for, 5 
Liquid chlorine, 3, 29, 30, 31, 32 
Lithopone, 90 


M 

Manganese dioxide, 4, 74 

— hydroxide, 6 

— oxid«, 6 
Marble, artificial, 10 

| ilk glass, ^5 * 
Monochfbi^acetic acid, 29 
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Magnesia, io 

Magnesium bromide, 65, 67 

— chloride, 9, id?. . * 

— oxychloride, i b' * # 

oxychloride c.egnents, 10 

— perhydrol, 90 

— peroxide^ 90 


Neustassfurt, 1® 
Nitroh^ffroquinone, 93 


o 

O-Nitrophenbl, 93 
Oujhenin-Chalandrc cell,*! 
Oxidation towers, 5 1 
Oxone, 89 
Oxylith, 89 

P 

Parafocmajdehyde, 90 
P^chiney process, 10 
Per-acids, 92-94 
Perb rate, ammonium, 94 

— sodium, 93, 94 

Pc. Oorax, 93 
Perboric acid, 93 
Perboi in, 94 ** 

Perborm M., 94 
Percarboaiate, potassium, 94 

— sodium, 94 r 
Percarbonic 5 acid, 94 
Perchlorate, ammonium, 39 

- potassium, 39 

— sodium, 38, 39 
Perchknates, 38-39 
Perhydrol, 91 

yermonosulphuric acid, 92 
Peroxide, barium, 89 

— calcium, 90 

— hydrogen, 91, 92 

— magnesium, 90 

— sodium, 89 

— zinc, 90 
Peroxides, 89-92 
Persil, 94 

Persulphate, ammonium, 93 

— potassium, 93 
Persulphates, estimation of, 
Persulphuric arid, 92 
Polyoxides, 89 

Potash, 24, 25 
Potassium bisulphate, 81 

— bromide, G8 

— chlorate, 3, 35, 36, 37 

— chldridc, electrolysis of, 2 

— hypochlorite, 3 

— iodide, 72, 75, 7b 

— percarbonate, 94 


. Potassium perchlorate, 39 
I — persulphate, 92, 93 
j Powders, washing, 94 
; Pumps, acidf 60 

; Purification of hydrochloric acid, 6e f 61 
, PyrAlusit^, 4 


Quicksilvej' process of electrolysis, 20-21 


R 

Rhodin’s cell, 2T • • 

s 


• Salt, electrolysis of, 13 et \rq. ; heat of 
formation, 14 ; solubility in caustic soda, 
24 

Salt cake process, 57 
. Sanitas, 91 

Schoop’s apparatus for electrolytic ble . hing 
: 54 

Selim kert’s apparatus for electrolytic bleach- 
* ing, 53 

Seaweed, iodine 111, 71, 72 
Siemcn and llalske’s a]>paratus for electro- 
lytic bleaching, 51, 53 
Silica, fused, 59 
Sihcofiuoride, sodium, 84 
Silicon tetiafiuonde, 82, 83 
Silk, removal of weighting m/tter from, 
S3. 

Soaps, dry, 94 
Soda, caustic, 24 
Sodium bisulphate, 81 
# bisulphite, 71 
-- chlorate, 3, 35, 36 
— iiuorsihcate, 85 # 
hypochlorite, 49, 54 

— lodate, 71 
iodide, 75 
perborate, 93, 94 

; -- pcrcnrl innate, 94 

— perchlorate, 38, $9 
- peroxide, 8<^ 

— silicoflifonde, 84 

— sulphate, 57, 60 
Solv ay Kellner cell, 21 
Sorel cement, 10 * 

93 Stassfurt, 9*65 

Still, for chlorine, 4, 5, 6; foi hydrofluoric 
acid, 79, 80 ; for iodine, ^2, 73, 74 * 
Stone, artificial, 85 • 

Sulphate, sodium, 57, Go » 

Sulphife, sodium, 71 • • 

Stlphur dioxide, in hydrochloric acid, 60 
14, 25 Sulphuric #cid, iodine in^Go 

Superoxides, 89 • • 

. Si^>erphos*phate den, S3, 84* 

Superphosphate incftStry, 8^ 
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Tantirqn, 59^60 
Tooth powders, 90, 91 
T^wer ag^d, ’6o 
Townsend ceil, 1^ i 7 > l 9 
Turbo-^tomi#er, 8^ • 


Udells, 74 

United Alkali Company, 35 

• # 

V 

Vacuum pans* 24 • r 

Vanadium compounds, 38 
Varech, 72 
Vaseline oil, 75 


w. 

gashing powders, 9^ 

| Water pcfwlr. 14 

! Weldon chldrkje, manufad^re of bleaching 
* powder from, 45 
\Mbldo* mud, 6 
— * process, 4. • 

' — -Pechiney proce^s^o 
Wool, bleaching of 9j 

X 

Xylolith, 10 


Zinc perhvdrol, 90 
— peroxide, 90 
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Borax a^V 
ftoRic Acitf 
in -Textile 
Industries 


B ORAX. The, use of Borax in 
dressing or' finishing cloth is well 
Jvnown, owing to excellence of results 
obtained and reduction of amount of 
calendering necessary. 

It is a valuable additicf) to all dye-baths 
where soap is used as a detergent. 

BORIC ACID is a perfect antiseptic 
which will prevent or dela^the growth 
of bacteria, especially in fabrics dressed 
with a starch or dextrine dressing. 

It replades mineral acid in bleaching, 
having no tendering action ; increases 
the lustre of certain fibres, and 1 
brightens American cotton fabrics. 

Full Information on the us/s of 
Boron Products in, these and other 
Industries can be had oii|applicatjon. 
Correspondence with Industrial 
Chemists cordially invited. 

Borax Consolidated I_td.- 

. 16 EASTCHEAP 
LONDON* E.C.J5 

Telephones: AVENUE 5763 (2 lines); CENTRAL *371? 
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